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l(!!;P()Rf OF THE COJIMI:gw; ON PAI.N§COL9CiX 

OBGAliiSHS AND TBBm BliVIRON!mNT 

w. H. !1.\venhoi'el 
( University of Wisconsin) 

Every organism lives where it doea because the combined impact of all 
the emiromnental conditions pe� ts it to live there. !l!le relations thus 
existi ng between an organism acd its environment constituto that division · 
of biological scionco tormod ocology. It can not be doubted that environmen­
tal or ecologic relation's llave influenced orgallisms since their first appear­
ance. Past environmental relations are termed paleoecology. Existing eco­
logic relations have received considerable study, but tho field ls still es­
sentially uneXplored. Not a great deal is known of the ecologic relations 
of past organisms. 

!l!le matter of ecolo� is extremely complex and the factors that com­
pose the physical and chemical environment are very numerous. Each grade of 
the temperature range has its influence on the distribution of organisms; 
likewise ·light, cloudiness, humidity, moisture, elevation, composition of 
tll8 medium, character of the substratum, and other faotors are equally im­
portant. .On plants the aci di ty and alkalinity of the soil hc.ve great influ­
ence. Certai n plants require soils v.ri th a 16w Ph before they will live; 
others must have soil of high alkalinity. As plants constitute the fundamen­
tal food of animals, tllS soil characters tlms ultimately influence the dis­
tribution of animals. In waters t81Dl>eratl+re, depth, ale&l'Dess, .agitation, 
c • .aracter of the bottom and the quality and quantity o·f the dissolved mater­
ials haVo lo.rge influe'nce. Ill addition· there are biologic factors which o.i"e 
alroost as numerous as there are kinds of organisms. �11th tllis great number 
of variables,. it follows, of course, that there are hOsts of combinations -
to eaoh of these w1 thin the limits of life some organisms aro adapted. 'Jhen 
tlw combinations change, either beoause of the appeara11ce of a new factor, 
or the dropping out of one, tllS consequences are · immediate reactions in the 
organic associations to meot the ·new conditions. �e ultimate result may be 
a complete change in the constituti on of an organic group. 

The statement given in the first sentence of this paper should.have 
the validity of an axiom. Nevertheless, until reoeutly, little attention 
hn.s been g1 ven to paleoocologic relations by American paleontologists and 
stratigraphers. Correiations have not beon made betwean certain formational 
uuita because of the &bsenoe of common species, or because of only a few. 
�lis inab111 ty to correlate did no � nece ss arily prove unlikB time relations, 
as was generally assllmed. but .fust as likely unlike en vironments. In some 
instat.ces tue percentage basis has been usod in the attempt to corrolato in 
bland disregard of tho fact that, if' this basis woro usod in corrolation 
of deposits of the present sea-bot tom, 1 t oould readily be proven that the 
sediments and associated o rgani sms on two different areas of the sea-bottom, 
which are known to be of the same ago, are not of the same ago; a reasoning 
o.s fallaceous o.; that of the DJ.gebraio ·proble� by which it oBD be shown 
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tllat 2 is equal to zero. J4aDy occUl·renoes are lolown vlhere clo sely adjacent 
areas o f  the sea-bottom have almost totally different populations and in 
some instances tl'l8se areas are remarkably close togeth er on the present 
bottom. When two deposits of the geolor,ic column have bean found to hold 
pretty much tho samo orgcniSJm it ho.s boon assumod that the two deposits 
have synchronous time relati ons • .  It is equally, if not more, valid to as­
Sl1JD9 that the two deposits were lo.id do'm in similar enviromnents o.nd may 
act�ll y be somewhat different in age .  

Animals of t.be sea, like plants on the land, organize. themselves into 
comm.mi ties of which the individua;Ls are adapted to each other so that each 
constitutes a definite cog 1n the econoJey of the association • .  �e princi ple 
of animal communities uas strongly �lasized in 1914 by Petersen on tho 
basis of work-done by htm and his associates in DaniSh waters, the principle 
applying specif ically to the waters about Zealand and in tho Katt ega.t and 
Sk.D.gerrak. Petersen (1) di stinguished o.t loast oigilt well-dofined animal 
CO!mnuli ties of which each was differ entiated from the others by "charaoter­
istic animals" belo nf,'ing to the molluslm and the echinoderms. 

AmOng the physical factors found important by Petersen were tho char­
acter of the bot tom, clearness of the wate1·s, ter.ap.erature, salinity, and 
depth. Some of these factors are not independent.;- as fo r instauce, temper­
ature to some extent is dependant upon depth. Soma orgc.nisms and �;�ome an­
imal communities seem to be essentially indep�ndent of the physical factors 
of the environment and yet these were not found to have gen eral distributi on. 
The answer was found in the biological factor whereby certain animal cOill!DI.Ul­
ities can not exist in the faoe- of .con:q>eti tion o£ other aJJimal communities 
and in the !llus tration g1 van b y  Petersen it is stated that the lta.coma an ­
imal comnunity is essentially independent of many physical conditions, but ,  
nevertheless, it does not have general distribution over the bottom. Its 
boundary-limits are deterndned bJ the competition of the xenus community 
agai11st th e pressure of which the Macoma OODilluni ty must ret reat. 'iJhen the 
distribution of the animal oonmuni ties in Danish waters was placed upon a 
map it wo.a found that these coJII1Il.tn1 ties form belts mo re or l ess parallel to 
the shore as descent is made from slla.llow to deep water, thus shOWing that 
distance from the shore ani depth are two of the fundamental factors con­
troll i ng distribution and that these in tUl·n deter.mine or modi� ��e inten­
s ities of such other factors as temperature, turbidity, and Character of the 
bottom. 

It is doubtful if all of the environmental factors that bear on any 
marine animal comnunity ere at all well understood o r  9ven known. 1!he fac­
·tors are obviously many in addition to the more apparent ones of depth, 
so.linity, temperature, turbidity, and character of the botto m. It see�m 
probable that no one is fully informed relatively to all the environmental 
factol's that impiuee upon any marine animal or.ga.uism. 1'ho oysters and edi­
ble clams� form p ossible excepti ons. �o same statement may be made rel­
atively to the undomesticatod animals and plants of the land. 

Slight physical changes are often adeqUD.te to totally eliminate gr� 
of plants at a place. Each plant serves as the protector and food supply of 

(1) Petersen, c.G.J., The animal communi tios of the sea-bottorn and thoir i�por­
tanco for marine zoo��ographyl Ropt.Danish Biological Station� vol.21 ll9l3), 
pp.l-68; The sea-bot�om ana l�s �roductio n of fish food, vol.23 (1918), PP• 
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other organisms of whiah each ·iD turn serves other organisms in a similar ca­
pacity. If any plant of a land oonmuni ty i s eliminated a long chain of oon­
sequonoes is ini tiatod which m� ultimately lead to complete transformation 

of the animal oonmuni ty supported bJ a plant commun ity into anothel' of quite 
different pers onnel . !!he chain of consequences leads from one organism to 
another and ultimately to the submicroscopic organisms so that the impact of 
an initial s ingle elimination may ultimately affect the eliRdnation of ever,y 
organism in the oonmuni ty. ��hi le this Ul8\V ·be an exaggerated s tatem.ent , 1 t is 
felt that in some way th e welfare of ovary organism in any comnlini ty is to some 
degree tied up with that of all other members of the comn�i ty. !lhus, tbe 
modification of an animal ccn:muni ty may ultimAte� be caused by some non-appar­
ent factor that vi tally a.ffectod D.n insignificant member of an adjacen·t plant . •  ' . 
CODIDWlity. Elilllinate th e gooseberry and currant from a region, the 'vhite pine 
blister is at the same time eliminated, and the whi te pine thrives and it may 
thus set up a white pine forest With submergence of other forest trees and 
develop a fauna dependent up9� the white p-ine and its associates .• . Many plants 
can not grow in soils unless these contail'l certain fungi with which the plants 
have 8,1Mb1otic relationships. 

It seems p robable that a somewhat similar setup exists for �rery an­
imal conmuni ty, that the presence of each member in s ome waN affe cts every 
othor member and that the various members of the coDIIIUl'li ty exist in the re­

lationjhip tl�y do be caus e a condition of eqtulibrium has been reachod With 
respect t.o tho biolo.gical rols.tionships, tho physical oho.ractors .o�i s ting in 
the nsdium in which they live, and th� Character of the substr$tum�· This con­
dition of equilibrium is one that may easily be disturbed and when such takes 
place an enti-rely new setup may be produced . 

The mre importan t generalizations that 1IJ8Y be drawn from the Work of 
Petersen and his. associates wero assembled by Miss Elles (l} which in swmnary 
w1 th sane modifications are llS follows: 

1. Certail� characteristic animal communi ties exist undor cortain phys­
ical oondi tiona with the oonrnuni ty coextensive w1 th the same physical condi­
tions unless restricted by biolosical factors. 

z. Cl�::1gos 111 pl�rsical condi tiona aro accollq)aniod by changes in the 
character and compositio� of the animal community. 

3. 1b.e im,portant physical changes correlated with ch�ges in the animal 
COIIIIlWJities are those of temperature, salinity, cloe.rness o£ water. and dopth. 
Depth soems to bo i�ortant ahioi'�y in that it servos o.s n fnctor 1D. control ot 
temperature, light, ru1aracter of �1e bottom, and quietness of water. There 
are few of the physical factors that are not more or loss related to changes 
in othar factors. 

4. Certain organisus 1IJ8Y be fo-.md in more than one con:unUn:i. ty. 

s. The Characteristic ani�ls Df communi ties living in waters of 

(1) Elles, G. L., Evolutionary palaeontolOQJ in relation to the Lower Paleo­
zoic rocks, ilopt. Brit. A:lsoc. Adv. Science (1924), PP• 83-107. 
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d i fferent dep ths are so greatly different that few or none of these animals 
are comnon to two conmuni ties. 

Petersen distinguiShed f ive an1mal communities in the North Kat tegat . 
in depths rangin g from 7 to 50 meters whioh with depth, charac ter of the 
bottom and temperature of the water are as follows: 

Eohinocard.ium communit y, 7 met ers, fine sand. . 

!_chinoce,rdium-�ri tella, 12-19 meters, dark sand with fi ne detritus. 

Bri ssopsis-Turrit ella-Echinoqardium, 24.5 meters, f ine sand, 14°0. 

Briss opsis-�ritella, 35 meters, gr� clay, l3.4oc. 

Brissopsis-Nucula, 50-52 meters, light cl�, 8-6°0. 

In another s ection were found these communities: 

llaooma, 8 meters, pur e sand, 18.5°0. 

Calcarea, 18 met ers, l ight cl� and sand, 10.1
°0. 

Kodiola-Eahinode,m, 18 me t ers , coarse gravel with sand, clay and 
pebbles, 10.3oc. 

The geographical distribution of the various animal communi ti es on the 
near� level bot tom i s: 

Macoma, on all southern coasts of Demnark and in Baltic. 

Abra, especially in the belt sea and i n  tho fiords. 

Venus, open san� coasts of the Ka.t tegat and the North sea-

Eohinocardium-Filiformis, at intermediate depths in the Kattegat. 

Brissopsis-chiaJei, deepest parts· of the Kattegat. 

Brissopais:Sars11. deeper parts of the Skagerrak. 

Amphilepis-Pecten, deepest water of the Skagerrak. 

Haploops, locally in southeast ern Kattegat. 

It is st ated that transi t ion s ta5�s between the successive communities 
are doubtless found, but thE.t they seem to be narrow. 

After organism are dead, the s:Mlls and tests are inorganic sedi ments 
and are thus. subject to the fates to which. inorganic sediments tn8\V be sub­
jected. If the sh ells anC. tests contain gases of any ld.n d or are buoyed up 
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. . 
by other means they may be f loated and Ultimately sink to the. bOttom and be­
oome entombed in s�tmonts of environments to Which they are in· no W8J related, 
SUch. not inf!oequently. must have happened to the shells of the ancient ceph­
alopods and -pro tozoans. !l!he very small am very fragile. tests wi·th large 
surface to vol'UJD8 as exemplified by the ancien·t gra.ptoli tes and modern radio-

' laria must frequ&tly have been entoniled in p laces where thei.r owners could 
not have lived, If the builders of the skeletal structures lived 1.n waters 
agitate� by waves and ourreDts there is strong likelihood that these skel eta l 
structures wou ld be carried to other. bottoms lesa agitated �J waves and cur­
ronts. !!!his to some extent might integrate tlle faunal complex, but it would 
also carry the shells t� environments when the shell builders did not live. 

That conditions like· those of the present �ea-bottom existed over 
ev&l"'J, sea-bottom of the past can hardly be d011bted, !!bat parts o:t tho an­
cient sea-bottoms of unlike p�ical and chemical charaoters held.animal com­
muni ties. totally different must also have been the case. There should also 
be re� acceptance. that sea-bot·toms alikB as to depth, temperature, and oth­
er. plJ1s1 cal and chemical factors, may have had di :tf erent animal coDIIlUJli ties 
�ecause o:t variations of the b to logical factors• Little seems to be Jmoe 
of the biologt:cal factors ot the axistiug .uarine enviromoonts and essential-
ly noth1Dg of those of ancient enviro nments. It 1s a field that invi tea re­
sear.ch, . 1here needs to be assembled an overwhelmingly convincing arrq of 
faats proving that. organisms of tru;,. past were controlled by the Jlb7s ical 
and chemical ecological fa ctors and re lati onships just as it is known that 
most modern organisms are. �s should be so completely done tbat strati­
gr.aJhic problems can not be seen except throufll the i nlet of e cology, AJJ 
essentialJ.y nothing is lmown of the biological factors in the ancient environ­
ments, it.foll ows. of course,.that there is little inf ormati9n to assemble 
and only the future 118Y show what may be done in this field. There also 
needs to be assembled: infQrmation showing the extent to which . the waves and 
currents distribute dead shells so th,at this factpr in th� distribution of 
fossil shells may be placed on some �sis other than tllat o� surmise. . 

In a recent stu� of the Lower Devonian Reefton Beds of New Zealand 
Allan· {1) has attempted to apply the ten.ohings of Petersen to tho solution 
of some of the problems of !Dwor Devonian stratigraphy • .  Ho ha.s a-dopted tho 
principle of animal ooumun ities with "characteristic members" as having ap-­
plicatio n to the marilla faunn.s of the past 3S well 3S to those of the present 
and he has de cided that the "characteristic animals" of the animal coJIIllWJi­
ties of the present are represented in the past by th� characteristic animals 
of a fauna. He st ates "All attempts in the past to del,ineate L9wer· Devonian 
provinces have failed to taka into c onsideration the fundamenta l factor of 
the physical environment, and its resultant impress upon tho sediments, and 
upon the contained faunas." He sumests "tbat facies has been the dominant 
element in the distribution of· the Dl3riDe faunas of this perio d, !J!he evi­
dence point s to a cosmopolitan fauna, whiah, as to�, would vary w1 th such 
factors as temperature, light, salinity, food conditions a.ud so on".o.nd thnt 
it is ''Possible to state that the Re&fton fauna is most closely related to 
tbat Of the same age in Wes tern h�ope not because.of geographical.st ation, 

(1) Allan, 11. s., The fauna of the Reefton Beds, Gool •. surv. New Zealand, 
Pal. Bull., no. 14 (19Z5), P.P• 1•72. 
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but becauso in both areas the same physical conditions were identical, and 
that those parts of the coamopoli tan fauna inhabiting those areas being sub-

. jected to, or stimulated by, a similar set of environmental controls, are 
therefore closely relate d in their cha.1•aot eristic fosa ils." He further 
states that "the Reefton fauna differs in its characteristic mombers fro.m 
those of the Bokkaveld b eds i n  South Africa not beoaase one area is isolated 
f rom the other, but because the enviromnent wns dissimilar in the two areas." 
�'he above quotations give a clear s tatement of the application of the rela­
tionship of paleoecology to the problems of stratigraphy, a relationship 
to which most stratigraphars have given general acquiescence and almost as 
fUlly have generally 1 snored. In othel• connections the wri tar has called 
attention to the need for consid eration of tho envi ronment in connoction 
with sedimentation and stratigrap� and has given illustrations supporting 
tho relationship (1). There is no need to repeat these illustrations beyond 
stating that on Anticosti Island, where tne en t ire section can be seen on 
OpPOsite sides of the island - on the north side from 10 to 35 miles nearer 
the c oasts of the Silurian and the �ovician seas than o n  the south, the 
case is c lear and the close connection of the organisms conto.inad in the 
sediments �th the environmental conditions as portr�d in the character 
of the sediments is excellently shown. Limestones on the south side carry 
one fsu.na or a nimal conmu.nity and equivalent sandstones on the n orth side 
have a different fauna or animal cOJliDUlli ty. Something of 111m relations may 
bo seen in tho Gotland section of tho Baltic sea where there i s  a close re­
lationship between faunas and the sediments in Vlhiab. they are containe d. 

With respect to fauna and litho logy, which is pretty much tho same 
thing tts fauna and physical enviromnent, Allllll sto.tos as o. gonoral conclu­
sion that "Apart :t.'ram certain cosmopolitan groups, the characteristic fossils 
of tllis age (Lower �ian, Lower Devonian) differ according to the facies of 
t;le strata containing them. Four main Lmver Ems ian COIIIIIWli ties are recog­
nized- viz., the fauna of the Oris!:anian of l4aryland in calcareous s trata; 
the gaspensis-tauna of the Moose River sandstone of Maine in arenaceous 
str ata; the antarcticus-fauna of South American in argillaceous s trata; and 
the hercyniae-:rauna of western Europe i!l psanrno-peli t i c  s trata. 

"The Mief condition governing the distribution o f  these Lower Ensian 
faunas appears to have been the degree of clearness of the water. It is, 
hormver, .impossible to assess the value of such factors as salinity, temper­
ature, and c oiupetition.u 

"Where· the p�sioa.l conditio!1s are identical, even in widely separ­
ated a reas, the characteristic foss ils of the same age are identical or 
closely related. 11 

"Certain Lower DevoDian types appoar to have had a w ido rango of 
physical stability, and occur in strata. of V<l.rious facias." "These types 
•••• ore of groat importance in that they allow correlation from fac ies to 
fa.ci es •" 

Some of the p roblems of the New York Devonian stra.tigra.phy ho.ve been 

· (1) Twenhofel, w. H., 3nvirontOOnt in s edimentation and stratigro.phy, Bull. 
Gaol. Soc. Am., vol. 42 (1931), P.P• 407-424. 
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attacked in recent years on the. basis ot di:f'fet:ing environmental conditions 
with sanewhat suzprising results. It h38 been show that some of, thtt Devon­
ian units previously considored soquontial to other units are lateral there­
to. Chadwick ( l ) states "As, on any sea-coast sector, unlike societies oo­
exist ·at different dapths, so each faunal assembltl�-e of this uppo:r Devonian 
terrane embraces several contemporQJleous. congeries, str�ing at times (lat­
erally ) into each others door-yo.fds,· .and all holding the same denntt.e time 
value." Cooper (2) hilS shown that the Devonian Hamilton of western New York 
changes lithology when traced eastwa1•d fro:n black shales in the w�st to ul­
timately pass into red beds•· largely sandstones, formerly assigned to the 
Oatsld.ll • .  �e change in li thology is accompanied by a very great increase 
in thickness. With th.e changes in lithology, that is, expressions of the 
changes in the environment, there are correspondins faunal changes. Chad­
wick (S), in addition, states that the Che!li.Ulg instead. of being above the 
l'ortage is really a part of 1 t and that in proceedil1g northwestward from · 
southeastern Ne\v York one passes f rom the co11tinental sand facies of' "Pocono" 
lithology into tho red muds and sands of the Oatsldll. T.b.ase losa the red 
color 1n the presence of muoh organic mat ter and become the Ohemu.ng with a 
marine fauna of brachiopodS. Pas3ing into the region farther nortlmesmard 
:wllere the oondi tiona .of' depositi on were those of deeper w.ater the Chemung 
changes into the fine nnds of the Naples w1 th a mllusoan fauna of fossil 
shells. Farther northwestward this passes in to the blaek shales at the 
Geneseo. Caster (4) (after Clarke ) has shown that the. Naples shale faunn 

of the Genesoe Valley is the equivalent of the lighter colored shale fauna 
of the Ithaca region ( It:L1aoa shale ) and that into this there is inserted . 

·in ·tho Chenango Valley the tongue of sandstone containing .the Oneonta fauna.. 

It is suspected thc.t when the al1!>licat1on of paleoecology to the other 
parts of the l�w York section �d also other .A,ppal:l�i&.n region sections has 
been tully Ul3de that many of the various troughs and barriers so much 1n 
vogue in the later deoados of the n1118teenth century ·am the first two dec­
ades of this century will vanish into the discard and in their plq.O$ =Will 
come explanations based on pal.eoecolo�. It is also thOught that there Will 
be some modifications at the sections of the Cincinnati Aroh and the !�ash­
ville DOJJO when applioation of paleoecolow has been made to interpretation 
of the:Je st rata and it is suggested th�t it may ultinntely be shown that 
some units now· placed in sequence to others.\"lill.be fcund to bo lateral there­
to. Other places where paleoecolo&Y shOuld be {!.1.von serious consideration 

{1). Chadwick, G. H., Faunal difforentiation in tho Uppor Devonian, Bull. 
Gaol. Soc. Am., val. 46 ( 1935), P• 307. 

(2) Coo!>er, G. A., Stratigraphy ot the Hamilton Gt-oup of New York, Am. Jour. 
Sci., vol. 19 (1930) pp. 116-134, 214-236; Stratigraphy of' the Hamilton 
Group of eastern New York. Ibid., val. 26 (1933), pp. 557-551. 

(3) Chadwick, G. H., Chemung is Portat,..oo, BW.l. Geol. Soc. Am., vol. 46 
(1935)' pP. �-s54. 

(()
.
Caster, K. E., �ide Book, no. 4, XVIth·lntern. Gaol. Cong. ·(1932), 
P• 46; 

' , . .  
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is about the Wisconsin Arch, the Ozark Dome, the Central Mineral Reg:ton of 
Texas, the Arbuckle Region, and in any other 1•egion where it seems obvious 
that different conditions of enviromnent were probable. 

The worlt: of Philip King and the petroleum geologists (1) in unravel­
ing the geology of the Permian strata of a>uth't.est Texas has shown that 
salt, gvpsum, dolomite, shale and sandstone are lateral to each other and 

were all deposited in the Permian sea at the same time, each representing 
a different environment of deposition. "The faunal assemblage varies from 
one rock type to another." ''Each faunal aggreeate appears to have been 
adapted to a limited enviromnent, the influence of which i s  also expressed 
by the nature o f  the rock laid down at the time" (P. B. King). There are 
deposi ts of lagoons, the confi ning barriers, the open sea and the coastal 
plain, the range being from continental deposits to deposits more or less 
typically marine. 

There is much to be learned and hardly a beginning bas been made. 
�e ancient· rmthods and doctrines of stratigrapey are so deeply ingrained 

·that one almost instinctively tends to correlation by comparison of fossils 
with little or no attempt to see what the fossils really mean and what � 
have been· the relations on the ancient seG-bottom. Deposits have boen iden­
tified as estuarine, lo.goonal, or of sane other environment with little ap­
preciation if such were the case that there must have been marginal de­
posits of another envirotJnent. Lately, Foerste (2} has statod that 1n the 
Paleozoic strata "as far as prosont obsorvations pormit it appears that 
\�1erever cephalopods are abundant the mobile gastropods also are relative­
ly conmon, mile the sedentary brachiopods, corals, and bryozoans are less 
con:mo11 than elsewhere. On the contrary, where the brachiopods, co rnls, 
and bryozoans are collll'lon, cephalopoda usually are rare." 

"Possibly segregation is due oooasionally to vio lent storms result­
in8 in strong o cean currents which svteep along the mobile forms into areas 
whore sedentary life is less abundant, overwhelming these mobile forms 
with muddy and arenaceous deposits. This might account for looal segrega­
tions of cephalopods and gastropods, but would not account for their rel­
ative absenoe over large areas." [t is suggested by the writer that there 
� have been some competitive bi ological relationship whereby the presence 
of the mobile forms is connected with the absenoe of the sedentary forms • 

.At Graf, Iowa,· in o. rather well-known section o:t the Maquoketa., there are 
e. half dozen f eet of impure limestone in the middle of the section that 
are literally jSJDilX) d with .Q!jhoceras sociali.§., but this is tho only place 
in the upper Kissis sippi Valley lmown to the writer where this species is 
abundnnt. It is rare elsewhere. Almost no other organisms are present. 

(1) King, P. B., and King, R. E., The Pennsylvanian and PormiM stratigrtq?ll¥ 
of the Glass Mountains, Uni v. Texas Bull., 2801 (1918), P• 139; JJ.oyd, E.R., 
Cap1 tan limestone and associated formations, Bllll. Am. Assoc. lletroletml 
Geol., vol. 13 (1929), pp. 645-65�; Kine, P.B., Permian s'ratigraphy of 
o f  trans-Pecos,Texas, Bull.Geol.Soc.Am.,vol . 45 {1934), PP• 720-723. 

(2} Foerste, A. F., Sil urian cephalopods o:t the Port Daniel Area on Gasp4 Pen-
1�sula, in eastern Canada, Bull. Denison Univ., vol. 31 (1936), P• 26. 
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\.'hat is the meaning? Tile abundance or rarity can only b e ascribed to the 
paleoecologic r elation s of the time. 

The foregoing is intended to be a brie f introduction to this repo rt 
of tlla Conmittee o:1 Paleoec ology. It is hoped that each great group of or­
ga..'1isms may be considered in datail. In the articles tlmt follow there are 
conside r ed the paleoecolo&v of the vertebrates by E. c. Co.se of the University 
o f  Miahigrul; the arthropods by P. E. Raymond of lka-vm-d Uni vorsi ty, w1 th o.n 
appendix on the habi't;s of· the trilobites by VI. E. Sahevil l; the sponges by 
M. 'il. de Laubenfels of Pasadena Junior College of Pasadena, California; and 
the paleoecolosr of the }aleozoic plants by c. A. Arnold of the Universi�J 
of liichigan. It is hoped that the paleo e.coloa:y of the other great groups 
ma.;y bo c onside1•ed in t'. later report. 
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P..u.EX>EOO�GY OF THE VF'J?ft:JIHA1!ES 

By 

E. C. On.se 

(Univ ersity of MiChigan) 

Paleoecol ogy deals 'With life in relation to its environment; this 
relation is s o  far reaching and inclusive· that 1 t necessarily includes any 
connotation of the term paleobiology. � enviromnent of � organism is 
the sum of its contacts with·the external world, either organic or inorgan­
ic. Whether the e nvironment be dete1uinant in any degree of tho development 
of lifo, or simply selootive o f  forms whoso development has been otherwise 
determined, it is dominant among t he factors that influence and control 
life. No phase of biologv, neo- or paleo-, can be considered w1 t hout reck­
oning with the environment. 

The paleoecology of the v erte brates JIJI1St deal wi th  mu.oh tho same en­
vironment whioh governod tho associated invortobrato animals and plants. 
Tho rosponso wns conditioned by factors inherent in the verteb rates them­
selv es. Any discussion that would even approach a satis factory c ontent 
would be far too extended for a report of this character. The fo llowing 
is therefore cast in outline for.mwith very liDdted amount of explanatory 
and illustrative material inc luded. 

Tho en vi roDlDlnt of ox tinct vortobratos must bo i nforrod from so 
muall o f  the morpholow o.s is revealed by the skBletoE or s uoh part of 
them as is recovered; from the associated remnants of li fe; and f rom the 
matrix in which the fossils are found. 

All auch questions as Ina¥ involve int9rpretation of the peys1olog-
1cal response ( tunction) nr11st necessari ly be answered by our ability to makB 
suQh an interpretation and at preseut this i s  s o  limited that a� definite 
conclusions are dis�sing� meagre. 

All s uch questions as rm.y depend upon a psycholoc:tcal response, 
which become incr easingly important with tho development of tho nervous 
system, are unanswerable a.ud at present no path is O)?en which could lead 
to a:1y !l.nswar. 

The three oate�'Ories of interpretable r.oa.tvrial, the morphology of 
tho an�1l considered, the asnociated fossils ( representing tho organic en­
vironment), and the matrix in which the skeleton is found ( representing the 
!�organic environment), are briefly considered below. 

llornholoey 

The utterl;r fallacious idea that frOm a si ngle bone the expert can 
restore a complete skeleton lingers with as m.tch porsistenco and w1 th as 
disastrous results as does tho fallacious Biogonotic l3VJ. In both the 
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seductive elsnents ot t1-u.th are present, expre�Jsed in broad generalities 
which lead the uninstructed and the incautious to faulty and inconcrruous 
conclusi ons. 

· 

Cortain structuros are comnonly c orrelated and 1 t is u sually possible 
to inter .trom the structure ot too th, limb or toot sanething ot the habits 
ot an an !mal a.nd hence something of its en vironment. The hooves and char­
acteristic t�th of a gradng or browsing animal are conmonly associated 
and from the se and less obvious abara.oters o f  the skeleton the paleoeool­
ogist � inter broad grass lands, sparsely wa.terod, and enGmios that domand · 
spood t or oscapo, things 'to be. checl�d by the remains of associat ed animals 
and by the nature of the matrix in \'Vh.ich the skeleton is entanbed. For oo:.­
ceptions to suab. correlation one ha.s but to recall l!Oropus or Agriochoerya 
in both of which the teeth, limbs and axial skeleton susgest a grazing or 
brows in g ungulate but in which the t oes terminate in efficient claws. Either 
we must imagine an animal strange to the euvirotment and present by chance, 
or an animal capable of living in the environment of grazing creatures but 
controlled by an, at least, partially ditforent set of factors; both ox­
planations have been made, th e latter being the mos t probable. 

In south .An8rica the limbs and h oo ves of the Miocene �oatheriwn are 
almost ident.ical with. those of the hors e an<! are even more specialized along 
the samo lino baing "absolutely single tood, moro oomplotoly monodactyl than 
any horse" ·trr. B. Scott, #Md :14.yJna.ls ot the Western Hemisphere, P• 248) but 
the animal belo·ngs to a di fteront order of mamnals. "If the proterotheres 
were ·not perissodactyla. as I am convinced they were not, they offered one 
of the most remarkable examples of convergent ovoluti on among manmals yet 
made kllown." (W. B. Scott, idem). · · 

It is obvious that this last inst an ce  ms.:y be taken as a lesson in 
at le�t two ways. Similar correlation with the environment produced struc­
ture s almost identical 1xi animals so different that they llllSt be placed :i.n 
separo.t e orders, and both indi ante a hard, grass land. Secon�, suah cor­
relation has not produced simila:ri ty 1n more than the limbs; the structure 
of the teeth and skt111 are radically different in the North American and 
South American fo:nns. Only th e broadest deduction s as to the nature of the 
euvirOl:UD&nt could be drawn tram the fom and proportio�s o f  the 11mba. 

. . 
AD example drawn tran living mrsupials will emphasi�e the diffi-

aulties � poas�bi�ities of misinter�reto.tion. The arboreal kDn�o, 
D8ndrolagus, of New Guinea. and Queenslruld differs t:rom the ground kangaroo, 
JJecroms, o nly in the proportions of the limbs and minor structures of the· 
posterior :teet. Waterhouse says the two differ in no "ossentic.l part of 
the structure."· Jleqropus l ives on the "o.rid, · m. thered· savannahs and prairies 
of Australia" (Vogt) and teeds upon harsh vegetation such as the herb called 
"kangaroo grass ." Dendrolagus is entirely arboreal, living upon "leaves , 
bark and fruit" in the "deme, tropical forests" (Flower and Lydekker). 
Surely no such radical difference of environment could be inferred from an 
inspection of the skeleton. 

As an illustrat ion from another group, suffice it to say that the 
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author i denti fied one de s cribod genus an d  sp eci es o t  Stego cephali a.u  and two 
de scribed gen era and three � cios of P.hytosaur in tho firs t  complete den t i­
t ion o f  the lower jaw dis covered; s o  di fferent were the teeth in di ffere nt 
porti ons o f  the jaw that di fferent names , taxonomi c pos iti on and interred 
habi t s  we re  excusably ass i gned to i s o la ted teeth .  

A:t:ly ass ured inference as t o  food or hab i t s  o f  feedi ng i s  impos s ible 
from the fo rm o f  the teeth in su ch  animals · as the well-known Diadectos o f  
t he  .Porm1D.n , o r  tho vary imperfect ly kn own  Tr1lophosauras , a cotylos auric.n 
rept ile , o r  Colosnathus (Xenogno.thus ) ,  a fi sh ,  bo th from the Tri ass i c . 

Instances such as these could b e  cit ed in large numbers ; these are suff i­
c ient t o  make eviden t that bey ond cortain very broad l iDos no info rence as 
t o  habit or habi tat may b e  drawn wi th  certainty from the fragme ntary, or 
even comple te ,  romains of the exti nct vertebrates .  

As s ociated FOss ils 

To the p aleon tologi s t  whos e  in t ere s t s  are at all dire cted to the s tudy of 
his mat e ri al as o n ce livil1g fo nns , the co lle ct i on of any spec i.man involvos 
a s t� o f  avery pho.se . of i t s o o ourron oe that mo.y rovoal s anothing o f  i ts 
oe co1.o·gi ca. l  relati ons duri ng life .  The author i n  his de s i re t o  obtain such 
info rmat i on at tenpted to place upon paper i n  categori cal form a li s t  o f  such 
obs ervati ons as he should ma.k8 upon the dis covery o f  a sp ecimen and in tho 
course of i t s  excavat i on .  This s tatement wi th. the necessary explana tory 
matter grew t o  a ma.nus cript of 87 typo\vri tten pages \71 th over e i ghty ci ta-
t i ons to l i  t ara ture , later. pttbl ished as the ''Eleroon t s  Of a Paleogeogra};h ioal 
Prob lem, " in PUbl i oa.tfon 283 of the car�gie Insti tuti on o f  ilashington , 1919 . 

It i s  evident that if a reasonod lis t of no oo ssary obs ervati ons can 
srow t o  su ch  a l ength anything o f  the ld.nd in this report nus t b e  a mere 

reference to o thor rnator i al  • .  ��ero aro ,  however, certain maj o r  po in t s  that 
JDa¥ well b e  call e d  t o  at tenti on. 

� pos it i on of the specimep wi th regard to i ts natural h!b itat . 

Thi s  mus t in p art be cons idered in relat i on to the en clos i ng matrix 
but nus t  also be co ns i dered wi th relat i on t o  ass o ci ate d  animals and plant s . 

A momen t ' s cons iderati on wi ll make apparen t the fact that meny vert�­
brate animals can hardly be p re served in thei r  natural hab ita t .  Pe t re f':lct i on 
requires buri al under water o r  in \vat er-bearin g  !eye rs and fo r arboreal , 
aerial , dry land, o.nd any but ben thon ic fo rns o f o.quo.t i o  li fe , this requires 
thnt bones f cund p e trifi ed mus t havo beon tro.nspo rtod trom thoir nat-.1ral 
habi tat to a regi on of radi cally different condi ti on s .  

The transportat ion o f  a cadave r ,  dis tended by the gases of de compos i­
t i on , by nx>ving wat er is the s impl est and mos t · obvi ous of many me:ms by whi ch  
such a. ch..".Jlge o f  locus c:m be acoomplished. I t  i s  s ure ly  ro.thor 1dlo to spe c­
ulate upon the habi t s  and hab i tat of a fish whose s tructure impl ies a ne ot on i c  
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life from the mud 1n uhi ch the c adave r  was buri ed� Po sthumous movement , per­
haps horizontally by movi ng current ,  and. e ertainly vertical by s inking to the 
bottom , have brought the remnins into a pos i tion and relation whi ch were en­
t irely fore ign to the ac t ivities of 1 ts lif e .  Much inconsequential li terature 
has been bas ed an jus t such relations , no tably the d isoussions c oric eming the 
fish found in the black shales or Tri as s i c  an d  Permian age .  

Th e  autho r may here c it e h is o wn  rather extensive , rathe r  hopeless , 
and c ertainly frui tles s e:N'orts to discover s ome morphologic al  s truc ture or 
�ombination of struc tures whi ch would enable h �  t o  deter.mine Whether a fish 

� was marine , brackish , or f resh-water in h ab i t .  Much rutile di s cuss ion has 
gathered aro1.md jus t thi s po int - the f i sh  were f resh-water to :ans washed out 
to s ea by flood eithe r bef'ore ·or after d eath , were marine for.ms killed by sud­
den influx or fresh-water ,  were estuarine and destroyed by an untoward d egree 
or s alt c onc entrat ion in the water. Kno\ting as · we 'do hou clos ely some f ish 
are restri cted to a definite s alt content in the water and how t olerant ere 
o the rs , i t  is evident that we are h ere d ealing uith a problem of phys iologi c al 
res ponse , not refl ected in s tructure , Wh i ch at th e  present i s  beyond th e  possi-
bility o f . solution . 

· 

"By the hoof · of the Wild Goat up-to ssed 
Fran the clif'f where She lay in th e sun , 

Fell the stone 
· To the tam whe re  the daylight is los t . " 

Changes ns great :1t:h degree and by c aus es as ac c idental have c ertainly occurred 
to manY: a res iduum of li fe . 

Who can doubt that the bones of the bison and western Pronghorn .Ante­
lope lie buri ed in th� delta of the Mississippi River as soc iat ed with the deb ri s  
o f  m.o,riri.e lif e ,  and how much more frequent must be such o c currenc es o.t the 
mc.uths of shorter and more imp etuous streams on abrupt c o as t  lines . 

Dr. C orl Wiman of the University of Upsala has described S 'tegocepholie.ns 
fran marine shales in Spitzbergen . By every i.mplicati on of the phys iology 
modem tmphibi o.ns , both in ovun and after hat ching, are intoleren t of' sea 
water evan in extreme diluti on .  It i s  true that at least two cases of tol.er­
ance have been reported but one or these i s  di scredited . Th e ·  o.uthor wo.s as­
sured in conversati on "tty Dr. W:1man that the specimens were app arently found 
in their natural habi tat ,  i . e . , they were. ma:t":tne s tegoc ephallons , but th ere is 
so. much egoin s t  thi s ,  and the po ssib i lity or posth\JilOUs transportati cm so great , 
that. the o.uthor CQ.11Ilot give credence t o  Ilr. W:lman ' a  pos i t i on. ' . 

It .  the amphibia and cert�in f is hes are fresh-water aquati c  f'or.ms their 
dis tribution is f'ully as acc eptable evi dence of l.and c anne ct ions· as is . that 
or o.n.y:' terrestrio.l animal. · 

The tes ts of Whether a specimen is pres erved in itB natural habitat are 
in part in th e matrix , dis cussed below, in part iJi th1:1 asso ciated fos sils , 
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and 1n part in the condi tian of the spe c imen .  It th e  skeleton i s  canplete 
or approximately complete it may safely be assuned that it has been buri ed 
where it died , or if i so lated bones are found unwom it may be ass\llled that 
they have not been transported a great distanc e. · In  general all fossi l ma­
terial of any loc ality is apt to be o f  the same characte r  and wi th the s ame 
history , but this is not necessarily true . Ins tances may be ei ted of the 
two con di t1 ons . 

In fossiliferous areas o r  loc aliti es such as the Big Badlands of 
S outh Dakota , the Agate Spring bone beds of Nebraska, o r the bone beds at 
P ikermi in Greec e ,  the nature of th e bones indic ates preservation in or near 
the place of death . In the growing river f'lood-plain of Oligocene time , 
which i s  DOW the Bi g Badlands , the carcasses of the animals commonly found 
buri al 1n the river beds or mud holes lb i ch were an integral part or th eir 
hab itat . In the other two cases the large assemblage of unwom material 
has been explained as due to the destruc t ion of a herd of animals of one or 
more kinds wh i ch were fleeing in stampede , perhaps before a grass fire . 

A different c on di t ion o ccurs in the PeimO-C arboniferous beds in the 
Karroo area of South Afri c a  and in north-central Texas .  In the first th e  
skeletons of the great Pareiasaurians are mostly ccmnonly found c anplete or 
nearly so , Wi th the banes in normal relation .  In the same zone and area th e  
great Deinoc ephal ians are represented by imperfect skulls and isolated bones 
frequently in bad c ondi ti on. In 'the Texas region the skeletons of certain 
reptiles and amPhibi ans are not uncamnonly complete, or w1 th a c ons iderable 
portion in as so ci ation . One form, Edaphosaurus , with high do rsal sp ines 
provid ed w1 th lateral knobs or branches , is rarely foun d exc ept as isolated 
bones or fragments of the eas Uy recogni zable sp ines. �e sugges t ion has 
been made that the Deinocepha1ians and Edaphosaurians were upland fonns , 
and that their bones reached the swamps , lagoons an d  river beds only after 
prolon ged transportation and consequen t  di s integrati on. The only locality 
in which th ere is a close assoc iati on of the two groups of .American Pennian 
forms is the Archer Creek Bone Bed whi ch has every suggestion of having been 
something like a salt lick 111be re animals gathe red fran long di s tanc es , or 
the sole surviving pool in a very cons iderable area, the las t resort of' 
animals of every kind for the n ecessary water. 

A s �ilar illustrati on o c curs in the Pleis toc ene depos i ts of Michigan 
an d  ad j ac ent s tates • .  ihe author has records of ove r eighty Mastodons and 
only seventeen elephants from Mi ch igan , th is is perhaps a quarter of all that 
have been found, but the proportions liOUld probably . remain app roximately the 
s ame . The records of Mas todons show thEill to have been found in areas or 
depos its that were swanps or lowlEm.ds . The Mastodon was a browsing animal ,  
at hane in such a hab it at . Th e  Elephant , a grazing m1imal 'With teeth adapted 
to grinding bard grasses and grains , was of' the upland m1d 1 ts remaip.s were 
destroyed by subaeri al and organic proc esses bef'ore they c9uld be buried and 
preserved . A single specimen of' an elephant is lmo11ll llh ich approaches com­
pletion, this was :found on a la:yer of s and beneath eight f' e et of marl. One 
imagines a s ick or wounded an imal seeking and dying upon the bank of en 
expanding glac ial lake . Other trac es of the elepbEm.t are i s_olated , and 
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generally fragmen tary ,  teeth or bones usually found in gravel p i ts ,  indi cat .. 
ing transportati on  of the elements of disintegrated skeletons . 

It 1 t is determined that � group ot animals has been preserved in its 
natural habitat the paleoecologist is concerned w1 th the bBlance or the or­
gani c  elements of the habitat , the adjus tment of the h erbiVorous , carnivor­
ous , carrion-eati.ng , malacophagous , durophagous , and other fonns to their 
food supply. Ally sugges tion as to d ie t must be checked by eviden c e  ot the 
presence ot such a fo o d  supply. The :rom of the teeth in di cates much but 
only too often the indications are vague or erroneous and only. too often the 
fonn o:r the teeth leaves b\it a questi c;>n .  The, t eeth or Diadectes , of 
Tri lophosaurus , of Pti lodus , snong many instances , give but the vaguest hints 
ot the habi tual to od. The aut.'lor has fed a ce rtain mule 1 .  whose tee th  were 
adapted t o  grazing , sart watennelon rind end has had his tarpaulin chewed by 
the s ame mule . He has ted a squirrel s oft peppe nnint c andy and his fsmily 
Qat SOft, boiled peas .  These are QbDOimali ties and 110Uld be absurd if they 
were not fac ts ; I doub t  if they are more absurd than sane attempts to in­
terpret food habi ts fran the form of the teeth ,  unchecked by other evidenc e . 

'!he unending strife tor foo d, the battle between the eater and the 
eaten , can b e ,  must be , read by the pal.eoecologist. DetEmse m87 be by active 
or passive resistanc e. Fligh t or ' offen'?i ve defense ,  • or passive donning ot 
amor, may .el l be ,EillPloyed but any method implies a reasOl!L for its adoption , 
�d . every advanc e  1D ei ther method jmplles inc reased power o:r attack fran the 
eater. .�e proc ess of such ad jUstment is continuous end leads to a specializa­
tion t�at is the sho rtest roa.d to ext inc t ion . .  In tlie c ase of al!llored foDDB 
vers�s anned forms , it has led invariably to but on e  result ; 1n every group 
and 1n evel'f . age the s tol'J has been repeated. As the annor grew heavi er, the 
:Qro je ctile m d  propulsive force grew stronger. Tooth arid claw and muscular 
power have bem balanc ed against ever heavier and more complete annor. The 
:inv(\rlable result has been the extinction of both. The same history has been 
writ ten and is being wri tten by warring mEm , one dares p rophecy the sam� re­
sult .  

.A. most interesting fact has been demonstrated by the proces s of paleon­
tologi c al  discovery. The progress of the plant world to modem types has . 
consistently outdist.anc ed the animal world. The modem dec iduous trees shaded 
the Mesozo ic repti les in their later days . The. Pemian plants sheltered the 
late Pennsylvanian fa\Jlla and th e  _suggesti on of plant p rec edenc e  i s  c arried 
back even to Devonim t ime .  The paleobotanist and :the paleo zoologis t have 
been at variance as to the boundaries of era8 · an d  pe riods . The paleoecologist 
who would s ee rightly mus t  no t fiinch fran the vis ion of .  a 1'yrennosaurus 
stalking through a fo res t of modem asp ect. .Certainly if s uch a vision were 
gran ted the p aleoec ologis t would give thanks for the towering height �f the 
elm o r  the sturdines s of some giant o ak .  

. . .  
There i s  ample evidence of  bacterial aecay; there is , exc ept in more 

recent t'onns, little evidel?-c e of bac terial disease. We can no t doubt that 
bacteria ,  protozoans and parasites were present e arly 1ri geologic al time and 
wrought h�lp and hindrSD ce as they do today. ' Evi dence of su ch things is blind 
or lacking. The bacteriologists and patbDlogists the author has consult ed 
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e.re reluctant to recognize the s e  things tram the effect produced or from 
such evidence as can be presented. Dr. Novy refuses to re c ognize bact.eria 
�til I can see them divide . n It is , however , a sugges tive coin c idenc e  
that the blood of living reptiles is abun dantly suppli ed , "swarms , "  w1 th 
protozoan fo li!lS ,  various ro :ans of which are .the cause of communi cable dis­
eases of virulent and fatal character , and that the bloo d-sucking flies 
which are the usual carriers of such protozoans appeared 1n the J'Urassi c ,  
prec eding by a reasonable in tervel. the extincti on ot highly speci a li zed 
rept iles at the end ot the C retac eous . 

The attitude of the skeleton is .  frequen tly of s ignificanc e .  In the 
case ot the dinosaurs at th e  Dinosaur National Monumen't in Utah the heavier 
body dragging an the bot tan of th e moving waters penni tted the long neck and 
the long tai l to advanc e  Wi th the current .  This not on:cy gives the. di re c tion 
of the current but explains in many cases the peculiar at titude in whi ch many 
lang-necked and long-tailed fonns ·are f ound , an attitude lhi ch has been in­
terpreted as due to an opisthotonic death sp asm such as oc curs in fatal cases 
ot tetanus and in poisoning by strychnine . The later ·explanat ion has not 
rec eived much support but is mentioned here as one ot th e  ramifi c at ions of 
paleobiology and p aleoecology. 

Another illustratfon of the a ttemp t to read func tion f'ran form is 
the suggested exp lanation of the CODIDOil. sp ec ialization of gianti an  which 
oc curs in almost every group near tb e time of' extin c ti on .  nte term giant­
�sm i s ,  of course , used relatively. · Nonnally minute an1J'll8l.s may h ave giant 
spec ies or individuals , as well as normally much larger animals . It has 
been noti ced an d  conmented upon that in gi ant :forms of vertebrates the seat 
of' the pi tui tary gland i s  relatively enlarged , even to moos trous s i ze .  This 
suggestion has been followed by the late Doc tor Nops c a  who has shown a very 
p robable relati on  between this en do c:ri.De gland and the s ize of' the animal. 
He has brough t f orward evidenc e to s how that gi ant to:nns have mitormly a 
p ituitary gland of large s ize and that the struc ture of t he animal shows ab­
normalities ot proporti onate growth such o.s o c cur in c ases of enlarged pitu-
1 tary in humans , the condition c alled acromego.lly. That such a condition may 
be endEmic in a population of vertebrates is shom by the dis covery that a 
considerable number o:f the skeletons excavated on th e s ite of' one of the long 
lost and forgotten early colonies. of Northmen in Greenland , · showed obvious 
evidence of acranegally. The caUse ot acranegally is obs c� , but it i t 
shall tum out to be due to some l ack o r  excess of materi al in the food suP­
ply, as the thyroid is atrec t ed by lack of iodine , the relation o:f giantism 
to the. enviro:nment is obvious . �is may sean a far f'etched hypothes is but 
to those who have paid any attenti on to the conditions of growth i t  is very 
conc e ivable that such a smal1 th ing  as ionic conc entration in the water 
vm i ch the anima1 inhabi ts or imbibes may be the dete:iminant factor in 1 ts 
development and fate . 

An instanc e of' the many at tempts to translate fonn and fonn rela­
tions into t el.'mB of bio logy is th e  c onstant ertort to arrange series in the 
different groups by the proport ions of the body. such ettorts have culmi­
nated in Osbom ' s Monograph upon the Titanotheres and Gregory ' s  re c ent ef­
forts to gen erali ze upon the development of' t he vertebrate skull . These 
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gentlemen have arranged various homol()go� skeletal elements according to 
proport ions and have assumed that their assemblage is in ac cordance With 
the true c o:urse ot phylogenetic developnent ,  and have finally attempted an 
explanat ion ot the ir ser1.es . based upon gEiletic principles . 

It is a dnit'ted that the series selec ted ere plaus ible and are sus­
ceptible ot explanaticn upa1 biologi cal princ iples , but it remains to b e  
proven that the seri es tonned a re  phylogenetic an d  no t morphological , that 
the serial ditt erences are the result ot phylogenetic change and not ac ci­
dental s imilar! ti es . It rEmains to be provm that suff ic i ent material has 
be-ac. recovered to jus tify the general izations pronounc ed or .that other 
characters . than those s elected might not lead to entire� disco rdant re­
su.l.ts. It i s  but EllO ther 8lld p erhaps more s ophist icated attempt to read 
the processes ot lite , physiology, tram the to.m ot but a s1Jlgle regicn ot 
the animal body. 1he difficulti es in the path of the various attEI!lpts to 
bri dge the . gap between the dead remains and the living anim8.1 is retlected 
1n · the abundant c oinage ot new terms m ich , ' on e and .all , have a dec ide d 
morphologi c al connotation , Wbuddtn g , " "redupli cat ion , " �etamerism, " "rec­
tigradation , "  "aristogenesis , " "Polymerism, " "ditteren tia t ion , "  "allanetry , "  
"heterogony, " "ac.celeratian and retardat ion , "  "anisanerisn. " (The teJmS 
are quoted from a late pap er by Gregory) • One has the uneasy sensat ion 
ot vi eWing a brittle , artificial e difice lacking the elas t ic i ty and re­
silienc e ot lite . 

· The assemblage ot in c idents and suggestions in the preceding pages 
is not , and is . not in tended to .be , even � proximately, definitive or ex­
haustive but merely serves to di�ot attention to a tew ot 'the innliDerable 
factors ot pa1eoeoology whi ch in:tluenc e lite . 

· The Matrix 

. For the Yas t majo rity �f. land animals end tor all. fish exc ept 
benthonic to ms ,  the matrix of Elltombmen.t is radically ditteren t fran the 
.nol'm81 environment ot the animal. As a gene rality it may be s aid that the 
mat� ot the a�ati o amphibia m6st nearly repres ents the environment of 
the living thing, iut even th is is s ub ject to exception . 

· 

The only c ases in whi ch terrestria1 vertebrates are p re s erved in 
a matrix c11 rec tly picturing th� environment is where to ms are buri ed in 
the sand dunes o t  a des ert , or covered by o ther loc al  materi al , as in the 

miring of an imals in S1f8111Ps an d  qui cksands. In o ther cases the animal 
either perishes in some body o t  water or the carcass or bones are washed 
into it . Depos its in a body of water are · Compos ed ot . materiel whi ch only 
secondari � an d  impertectly records the character of th e ad jac ent land. 
Even in the quick depositi on in a pond or lake the Iills and s treans whi ch 
c arry the mat erial to it haVe exercised a s orting and s elective act ion , 
leavin g behina the coarse an d  coJIYeying the finer, in various degrees de­
pendent upon the veloc ity ot the current and the voll.llle ot the strean. 

In larger streams, as rivers, tbe sqrt�. an� 
.
�ele(!tion is more e:t­

tective. It is obvious that the carc ass ot a bison carried miles from the 
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place of death and cast upon a sand ba'r o� · ·the Missouri River, or �loa ted 
far out upo11. the flood plain in time of high water and buried in the sU t of 
s ome slough or 'backwater will leave the sk-eleton in a. posit ion wh ere the 
matrix g1 ves nG hin t o� the nonnal environment . IO:loWing the bison and the 
Mis souri River and i ts course , the s ituation i s  c learly understood, but 
given even the p erfect skeleton o� an unkDown Eoc ene animal with generali zed 
structure and found in a small exposure o� lfhat was pe maps , or probably, 
an Eocene river bed , the re aliti es of the s ituation as a problem are more 
apparen t .  

Within a few square yards of exposure of unifom clay i n  th e  Big 
Bad lands , the author recovered remains of a rhirioc eros , a three-toed horse , 
a hawk , a mous e-like rodent , and a c atfish . Any ac curate interpretation of 
the assemblage would be difficult . 

The salmon migrate far up the streams emptying into the Pacif'i c  and 
penetrate to the utmos t s curces o1" the wat'3rs . Thous :mds die of emaus tion 
aft er spam1:Lng or from in jury. �e s ire  1.e'trm of a saJ.m\>n far above sea level 
in tliv muck of an upland fores t  is Ullclerstal:l.dable .  :Knmrt.ng nothing of the 
habi ts of a Paleozoi c o r  Mesozoi c  fi sh , the peculiariti es of the matrix 
and tlie associ ated :rossils D.ight b e  very puz zling and lead to s ad mis inter­
pretation . 

In younger depos its the matrix may in most cases b e  talcm to b e  what 
it was , in c olo r, texture an d  con t ent , men deposit ed . In more an c i ent de­

, i)o s i  ts the cl1 an c es that th e matrix is unchm..ged are far less . It 11>uld be 
· a most seri ous e rror to as sune habits· and hab itat from the appearance and 

con di tion of the matrix in many c ases . 

Take the c las si c  exanple of the red beds which have been so oftEil , 
so briU iantly and so incon c lusively explained. The color has been explained 
by ori ginal d epositi on of ferric oxide , by sec on dary infi ltration , by de­
hydrat ion due to the p ressure of in cl.lllbent beds , by change in ground water 
l evel. It has evEil. be en as stur..ed that red beds mean some . defin ite condit ion 
and that red beds are unifoml.y red , ins tead of yellow, green , blue , purple 
and all int E:mned iate sh ades . Any interpretation based on the assumption 
that the matrix has remained tmaltered 1n all i ts chaz-acters s in c e  f i rs t  
depos i t ed i s  the fi rs t  error o f  the veri est tyro . 

The bl ack sh al es , recurrent in s evera1· geologic al  periods , are equal­
ly difficult . �laincd 1n many ways by different authors ,  they have been 
but rec en tly reiriterpreted by Doctor RUedemsnn . 

A recent exaxmbation of the various possible p ro cesses of pyri ti za­
t ion shows how undependable is my assumption that pyri tized fossi ls , or 
fosslls ac compan�.'ed by :pyri t e  in the matri x ,  metm foul bottom eondi t ioos 
during the l ife of the fauna ; or that the sulf ides were derived tram the 
decay of the · an:imcl bodies , or indeed, that the pyrite is 1n any way nec es­
sari ly conne c ted  v.i th the li�e of the RniMals prese rved foss il . 

The chEillical ,  mineralogic al and phys ical charac ter of any matrix is 
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subject to change and possibly p ro:roimd change· without destroying the evi ­
denc e of' lite. �e author possesses fragmentary remai ns  ot Baculi tes and 
Placenticeras shells and Plesiosaur bones f'rom the Cretac eous of' southwest­
ern Minnesota Whi ch are completely c onverted into bright red haematite . 
Metanorphism ( 1n the s ense or Van Hise -· "any change in any rock" ) and 
s truc tural changes are responsible tor a part of' the peculiar o anditions . 
It may be truly s ai d, an d  it has certainl.y been true With the author, that 
a vertebrate palean to logist can no t write ·or h is f'aunas wi tbout a copy ot 
Van Rise ' s ¥etamorph1sm, Clark ' s Data or GeochEmistry, TWenhotel ' s  Treatise 
on S edimentatioE_, n ear his hand . 

· 

As the remains ot terrestrial an imals are most ca:mnonly found in sub­
aqueous depos its , the enVironment c an  only be read in the debris f'rom that 
enviromnent. J:IJ.y aggraded area i s  to the land as the n egat ive i s  to a 
photographic print .  1he alterati on ·or material by weathering before trans ­
po rtati on , the selec tive acti on o f'  the water berore deposition , the alt era­
tion ot material as i t  li es below the surtace of' ei ther stagnant or moving 
water , the extrac tion o r  a ddit ion or material by the waters , all those and 
man y  mo re  ccmtuse the record. 

1'he physi cal condition or the sediments presents lllflllY COJlt:us mg prob­
lems . The author has subnitted sand and sandstone sanples to experts to de­
temine the ir origin , whether aerial or subaquatic , only to be tol d  1n s ev­
era l cases that i t  was 'Windblo'tlll sand that had ·  rinally been blown into the 
water. .The quest ion remained 1tl.ether the fossils were to be int erpreted in 
correlation with the sand as a terrestrial or as a subaqueous s edimmt. I t  
is interesting to note that most of' the vertebrates o'l the Upper Triass ic 
1n tm western part of' the United S tates aTe f'olmd in river, delta o r  pool 
deposi ts ; every implicati on  o:r these deposits is that the� were deri ved f'rom 
an arid land. For the Stegoc ephalia and the Phytosaurs, . Which latter are so 
crocodile-like in structure as to leave l ittle doubt or their habitat , the 
depos its an d  the an imals are ., 11  correla-ted but it is a little difficult 
to picture the adj ac�t lands , bec ause the remains of' t errestrial· an imals 
and plan ts are s6 limited. 

!ftle occas icm al  pool o r  water c ourae 1n. the desert of' today i s  crowded 
111 th hydrophyti e plants . Spalding long ago ci ted the presence or Willow 
and Arrowleaves in stream courses 'tl!lose b8llks were sparsely do tted with 
Xerophytes , Greasewood , Chapparal, Cac tus and so forth. The author has seen 
a large pool c ause d  by the ove rflow o-t 8b irrigating ditch in extreme south­
westem Wyaning crowded w.l. th wading and swinming b irds an d  c ircled by gulls .  
A small exposure of either environment w ithin a quarter o't a mile of each 
o ther \1ould lead tc:> curious cm clusions . 

�e 8\ithor asks leave to quote an instanc e reported Ill81ly years sinc e .  

"'lhe author again c alls to notic e his expe rience Ql en 
area of vind-blown sand in a desert port ion or Arizona, where he 
f'oun d ripple-marks , stalks of' thin-leaved vegetation , obscure in­
sect tracks , and a ser.L es o f  sinuous convolute markings 1ihere 
some. ins ect burroWing beneath the buming saud had thro111 up a 
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long trail indistinguishable :fran 'liom tracks at the bottan o:f a 
shallow body of water . · He went over much o:f the area most care­
:fully ,  certainly over :far more than is nomal.ly exposed ill a geo­
logical.� . .  outcrop , and utterly faile d to find a s ingle criterion 
that would have prevented h:lm from pronounc ing the exposure an old 
s ea-bo ttan or flood-plain 11' it had beEil fo\md fossil, and yet the 
fomation was going en before his very eyes on a sun-stricken bit 
of desert. The insect burrows would have unhesitatingly been called 
worm "tracks ; the insect tracks might have bean made by any one of' 
many aquatic f'o DnS instead of' beetles or grasshoppers ; the vegeta­
tion once fallen and recorded only as an imprint could not be told 
:fran a .bit of aquatic Yegetation . The wind ripples upon most care­
ful analysis might have revealed their o rigin , but agai n, in the 
author' s experienc e ,  sand collected in a delta deposit has been pro­
nounced dunesand 11hich had drifted into the water. " ( 1 )  

In the Mus eum of Paleontology of the Univers ity of Michigan there is 
a collection at ma� S tegoc elital1Sl skulls an d other closely intenningled 
bones recovered fran Tri ass ic deposits in western Texas . The skulls and 
the clavicles and interclavicles showing peculiarly sharp and intricate 
sculpture, the needle-like teeth , are perf'ect and the p aper thin edges of 

· certain bones are in tact ; they ere as perf'ectly prese rved as any fossil ma-
terial the author has seen. These bones were recovored :from a coarse send­
stone with some bits ranging up to 18 to 20 mill imeters in diameter and with 
some , but slight , evidence at current sorting . How the fragi le bones and 
teeth and the sculpture could have been · preserved in such materi al is dif­
ficult to imagine . Perhaps a quicksand, but a hydrostatic pressure . that 
could have given such coarse material the quali ties of a quicksand would 
have prevented the s inking of' the flat bodies . No motion of the material 
seani, possible , the bones would o therwise have been worn or destroyed as in 
a mill • 

.An abundanc e of instanc es could be ci ted by every worker, drawn fran 
his own m:peri enc e ,  illustrating the direction of inquiry and observation ' 
and th e  multitude of pitfalls that await the worker 1n paleoecology. It is 
certainly e;pparen t · that only an approximation to the correct appreciat ion of 
any environment c an  be  realized by methods now at the coimnand of any worker. 
The most Wholesane advice that can be given is that the inevitable separa­
tion ot the two schools of paleontology· be  rec ogni zed and provided for by 
adequate training of the workers to come . 

The strati grapher an d  areal geologist is ccncemed with the fossils 
only as recognition symbols and t:lme markers . The paleobiologist is con­
cerned with them as records of a life that has passed . No matter how c lear­
ly the stratigraPber recognizes the biologic principles involved his work is 
on other lines end the bi ologic :factors are ranote from his consciousness in 
solving any problEIIl• The paleobiologist is  equally unready with the factors 
that are of prime importance to the stratigrapher. 

The con dition is already well recognized in Europe where chairs of 
paleobiology, divisions of pa1. eobiology , and even large buildings are devoted 
to the interpretation of p as t  life and the location of the beds in t:lme is 

( 1 )  Case, E . C . , The Envi ronment o-r Verteb rate Life in the Late Paleozoic 1n 
North .Alllerica. Carnegie Instit. of Wash ington, Publ. no.283 ( 1919 ) , PP •  
42-43. 
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but one ot many necess8ry 'tools. 

As wri tten above , the fission i s  1nevi table , 1h e  tw o  schools mus t b e  
prepared to atf'ord mutual c riticism en d  aid ,  the paleontologist in training 
must be p repared to know the elements ot bo th phases of the work , but choose 
one tor intensive train ing - and provis ion must be ma de for such intensive 
training. 
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PAIJOOECOLOGY OF 'mE JRlHROPODA 

Percy E. Ra,mond 
(Harvard Univers ity) 

Any ac count of the ecology of the extinct arthropods must of necessi ty 
be a tentative one. Relatively little  has been written on the sub ject . 
Knowledge of fossil arthropods is so incomplete that most  students of the 
phylllll are sti ll preoc cupied by tamnanic work. Until the species are de­
scribed ,  palecntologists Will have little time to devote to the study of the 
relati onship of the. various animals to each other and to their environment. 
Such paleoeco logical infomation as is available at the present time relates 
chiefly to the habits , and secondarily to the habitats , of various arthro­
po ds .  Inf'erm ces are drawn from the morphology of the foss ils , and from the 
lithologi cal characteristics of the strata in which they are found. In most 
instances our knowledge of the morphological charac terist ics is incomplete , 
and there is considerable di fference of opinion about the environment of 
deposition of certain sediments .  

In this first report , the writer may perhaps b e  p ardoned if he re­
f ers more 1'ully to problEIIlS Whi ch require solution , than to actual ac com­
plisbmmts . 

�Uobites 

Most students are agreed that the Trilobita are the most  primitive 
of the C rustacea . They have been extinc t since the end of the Paleozoic , 
and have no near relatins m10ng existing animals. More than 99 p er cent 
or than are incompletely lalown , for it i s  but rarely that specimens retain­
ing the appendages are found . U.at il more actual facts have been accumulated , 
present i deas as to habi ts ond habitats must be regarded as speculations 
rather than deductions . such speculati ons , as had been printed up to 1918 
have been reviewed by the writer. A series of papers by Rudolph Richter ap­
peared too late to be inco rpo rated in my paper. These are cri tic ally re­
viewed in the manuscript article by Willian E .  Schevill , appended to this 
report. 

The broad , depres sed , flattened shell of the trilobite suggests that 
almost all mEmbers or this group were primarily dwellers in the zone at or 
near the s ea floor. The shape of th e  test suggests that most were equally 
efficient as crawle rs or sWinmers . 'lhis suggestion is born e o ut by the 
shape of the appendages of such f onns as retain than. All appendages , other 
th an  those whose t'Uncti on was tacti le , are biramous , the lower , ( inner) ones 
sui table for use in crawling or burroWing , the outer for respiration , or 
possibly for swimming. Only by means of detailed study of the appendages is 
it possible to infer habits . For example , the flattened segnents of the 
posterior endopodi tes of Triarthus suggest that it was a more s uc ces sfUl 
swimner th an crawler, whe reas the stout ltmbs of' Neolenus indicate th�t 
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it was able t o  walk about an its "toes •, " i.e. , the tezm1nal sp ines o:r each 
endopodite. Trails on Upper Cambrian sandstones (Proticnites ) were prob­
ably made by s1milar trilobites . 

!'he blind or ne arly sightless trin.ucleids probably sought the ir 
· · tood in the superfic ial layers or the bottan ooze ·, ploughing along just b e­

neath the surface o:r the mud ,  as does Limul.us • .  i!le broad head-shi eld and 
bowd en dopodi tes are very similar to those of the modem horse-shoe c rab .  
Other trilobites , part icularly those whi ch· are more or less abovel-:rac ed 
an d  high-eyed , probably prowled about 1n the mud seeking rood . That any 
trilobites were stric tly burroWing an imals ,  in 1b e  s ens e  that they exc a­
v�ted and lived in ·  burrowa , i s  doubt:f"ul. Walcott described certam C ambrian 
fossils as· trilobiten burrows ;  but none has ever been f'ound with a trilobite 
sti ll wi thin it , or Wi th  any markings whi ch could have been produced by no 
other an imal:s than tri lobi tee . Most ·burrows and trails are more or less 
pemanent puzzles . However ingen ious the exp lanations o:r their origin , 
absolU:t� proof' 'is always lacking. . 

It should pemaps be emphasized that the trilobi tea were no more 
special ized in their· habits than they were in their structure. llb.en one 
says that Cryptolithus was a burroWing animal , one does not mean that it 
could not c rawl o r  swim. It means merely that Cryptolithus s eEIIlS to have 
'been somewhat better adapted for · burrcming that most of' the other trilobi tea . 
To Cite an other instan ce, the wri te r  has argued that the broad axial lobe 
and large pygidium of Isotelus indi cate that thi s animal was c ap able of' 
propel lirig itself' fo rward and backward in lobster-like fashion , using the 
py� i dium as a swimming telson. But I have a1so desc ribed trai ls cm. stmd­
stone ltlich I interpreted as having been made by an Isotelus crawling on 
its gnathobases. No· trilobite yet Imown is s o  specialized as to suggest 
that i t  Tl8S confined to a single enVironment. Nor does the history ot any 
genus or f'anily indic ate any progress ive adaptation to a particular sort 
ot environment . Pos s ibly a case 1D oxcept ion. t o  this sweeping statEment 
might be made :ror Ule Hanalonot inae , tor the Devonian Dipleura certaixtl.y has 
a very much wider axial lobe tharL 1mB ( probably) possess ed by its as yet un­
lmown Cambrl'an C alyniene-like an-cestors . BUt the Ordovic ian mEIIlbers or the 
sub-family had axial lobes proportionally as Wide as those of Dipleura. 

The C al,m.eniee and the Hanalonotinee fran earliest Ordovic ian t imes appear 
to haTe had di fferent habits . A.8 1;he writer in terprets Ulei r struc ture , 
the fonner were -crawlers, the latter dominantly swimme rs .  But ther.e i s  . 

. . noth ing to sugges't that with the passage of t ime the one group produc ed 
better c rawlers , or the other be tter swillmers . As a matt er or fac t ,  t�e 
coarse s i lty and s andy nature ot the ·strata in whi ch Devonian. Hanalonotinse 
are most camncm , bo th in Eastern north .Alllerica and Germany� SU€gest tha-t the 

later members o r  the group were chiefly c rawlers. 
. . . . . 

It i s  an as yet un80 lved problan as to how much weif#lt 1s to be .given 
to the n ature of' the sed.immt 1n whi ch fossils are found, in j\ldging the 
hab its and actual habitats of the animal& When alive. It is true that some 
genera end sp ec ies are found only in sandstone , in shal e ,  or . in limestone . 
On the other hand, there are many that are fom1d in all kinds ot sedimen tary 
rooks . c aiymene · and Isotelus , for in stanc e , are just as c amnon 1n Ordovici an 
sandstones and shales as in 11mestones , but s ince Ordovi c ian. carbonate rocks 
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are more widespread than argi�ac eous . ones , most ot the . specimens one s ee s  
are in l imestone • .  

As a matter of fac t ,  the s andstone , shale , and limestone environ­
ments .are probably not so different as the names or the rocks · s uggest . It 
is probably true that mos� limestone was deposited in relatively- warm water, 
but it is �ust as true that . sands tone and shale were fomed under the same 

. conditi ons .  Most sandstones were depG>s ited in shallow water, but so were 
meny shales and most limestone s . In judging the n ature o r  th e  envi ronment 
fran the sedimen ts ,  texture is much more important than chemical composition. 

Even it thi s be kept in mind , i t  may b e  ditficul t to in:rer th e orig­
inal cmditions from the c ons olidated s edimm ts .  Many· a coarse-gra ined 
limestone may have been deposi ted as grains o-r Qlmost c olloidal proportions . 
Two argillaceous sh ales, equally fin e-grsi ned , · may c ontain very di.rt erent 
sorts of f'os sils , tor. one may have been deposi ted mder, s ooh c mditi ons as 
to maintain a relat ively finn sea-f'loor, whe reas m other may have pre sented 
a flu:ff'y, eof't , bo ttc:m on wh i ch no benthonic life was possible . It is well 
knom that some modern "sandy" ( argill aceous o r  c alcareous .) sea-floors tean 
with crawling and burrowing animals , whereas others on whi ch the sand is 
constantly shifting , are devoid of lite . 

In some instanc es , fossil animals do show defin itely th e  effe cts of 
"bottan-c ontrol. " Perhaps· th e mos t  striking example is in th e Oriskany 
fauna. It is well known that the s ane genera , perh aps the same spec ies of 
brachiopods oc cur in the Oriskany of New York and the Oriskany of GaspE{. 
Yet 1n ·most instanc es the species fran the th :in  co arse-grained sandstone 
ot New York have approximately four t:tmes the volume ot those found in the 
limestone of' C anada. The Oriskany of New. York and Maryland is noted for 
the large and thick shells of its brachiopods . It has been sugges ted that 
the ·  snilnals "needed " thsn, to withs tand the vigorous .wave act ion near OO. ore . 
It is more · pro bable that the animals grew larger bec ause of th e gre ater 
supply of f'ood near sho re .  

As has been in timated , mos t  trilobites c ould live mder a vari ety 
ot condi tiona . on� rarely is the natur.e or the rock in whi ch they are 
round or any signific anc e ,  at present known , in regard to the i r  habits and 
habitat . In support of' the first statement i t  is in teresting to compare 
the geographi c range of Tropidoleptus and Phacops . They are . the mos t  abm­
dant fos s i ls  ot the sandy and shaly Mid-DevCili� strata or New York and the 
Allegheny plateau ,  but although Phacops occurs in c ons iderable abundanc e  in 
the calcareous Haniltm equivalents in the Mississipp i basin ,  Trop idoleptus 
s e EIDS  to be rare o r  abs en t  west of Nev Yolk .  

The on e  ins tan ce 1n whi ch there seEIIlS to b e  a definite co rrelation 
between the type ot trilobite and th e  nature of the sediment is in the fine­
grained bl ack shale and fine-grained black limestone or tl:le OrdoVi c i an ·  The 
muds , argillaceous or c w areous , which produced thes e strata seED to �ave 
been too sort to s upport any ordinary benthonic fauna ; the ir fossils are ,  
tor th e  mos t p art ,  remains of' bolo- o r  epiplanktoni c ,  or . nectonic c reatures , 
although there are a few wnich probably lived on the bot tan. The trilobite 
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� •· . .  
faUna is not a _ large one , 'but 1.t . is. in teres ting in .that it cantams blind 
fo:rms s

"
uch aa agnostida, tr::lnuclei ds ,  raphiophorids, and di.onideids ,  animals 

With very rarge eyes , ··s uch ·aa REmopleurides and Robe:r;gia, and a very few 
with noxmal , medi\ln•si zed eyes , chi efly spe cies of' Triarthrus . 

The natura1 a'ssumption is that the blind trilobi tea were ei ther inhab­
itants of deep seas o r  dwellers in the mud. ibis may not be true of all . th e  
agnostias , fo r thei r rEmains are not c onfineq to f'1ne-gra:1ned shales ,  but 
are found in strata or all sorts . It is not to b e  supposed that a11 members 
or so large a group would have the same habits . Each spec ies must be judged 
by i tself, The faci al  sutures in���ate that the an �estor:;� of the raph1o­
phor1ds had eyes. One judges th at "they los t thei r s ight through adaptation 
to life 1b. the aphotic zone , probably 1n rather deep 1J8.ter. The long glabella 
and gen� spin es,  coupled with a short and rather feeble body, suggest that 
this sort of' animal woul,d not be very success:f'Ul. in shallow waters , where 
it would be constantly 1n danger. of' getti.Dg tailgled up with sea-weeds . Prob­
ably UJ.ey puttered abou'\, sw:bmning feebly, in ra�her deep water. .As tor. · 
REIDOpheurides and Robergia, th eir f'onns · and their tests would sugges t a float­
ing exi s :tenc e .  Hol7e�r, their ve17 large eyes give one the impress ion that , 
like certain modern crustac eans men tioned by Dollo , their natural habitat 
wa� deep water , but that th ey . we" noctumal visitors near the surrace.  · Very 
likely they f'ed on graptolites , and were rather etticient sw:l.mners . Tb.e ex­
traordinarily long h�stoma awaits expianation in. teimS of runc_tion • 

. · .IJ'r:iarthru.s was rather a generalized trilobi te , at h�e every-Wb.ere ,. 
equa:Lly good at swimming and · crawling. Its constant assocb.tian With grapto­
li tea sug�e�ts that they were i ts f'avori te f'ood. 

The �lic ations of' the association or these trilobites with the par­
ticular s ort of' sediments . in  whi ch their rEmains are f'ound are perhap s  of' 
sc;me interest . .After the public ation of the "ChaJ.ienger" reports , geologists 
bec ame interested in deep-se a de:i)osi ts , .  and all such f'ine-graiDed sediments 
as contained . Foreminife:ra or Radiolaria.  were . f'or a t ime thought to have been 
formed at c ons iderable dep ths . .All. chall;s and fine-grained llmestones and 
shales were generally ac cep ted as deep-sea depos its . Then t�e pendulum swung 
back . Geologists found rippl�arks and shrinkage cra�ks in these so-called 
ocean ic strata , and rather suddenly, about twenty years ago, opinion reach ed 
the o ther extreme ; · almost all Paleozoic strata, at any rate , were s uppos ed 
to be or shallow-water origin . Did not the . pendulUI!l sWing too far? The evi­
dence obtained from li thology and fauna. se$DS to :in dicate that certairi shales 
and limestones were fo med in rather deep water ; certainly so deep as to be 
beyond the depth to which sunlight can penetrate . 

Other .Arthropods . 

!his report has boen devoted parti cularly to a d iscussion o r  trilobites , 

since they are the arthropods in which the writer has been. most int erested .  
Other groups within the phylum present problEULS evan more important . Probably 
of' greatest general interest is the di scus s ion as to whether th e  merostanos 
iDhabited f'resh or salt waters during the . Ordovic ian. and S ilurian parts ot 

their history. A detailed discussi am of' the evidence wUl be reserved till a 

Copyright © National Academy of Sciences. All rights reserved.

Report of the Committee on Paleoecology, 1935-1936: Presented at the Annual Meeting of the Division of Geology and Geography, National Research Council, May 2, 1936
http://www.nap.edu/catalog.php?record_id=18676

http://www.nap.edu/catalog.php?record_id=18676


- 26 -

late:r date. As is well known, T. c .  Chamberl in ,  Marjorie O 'Connell , and 
A .  W. Grabau · h ave maintained that the eurypteridS were , !"ran th e  beginning 
of their his tory, fresh-water a<'l:lmals, Which impli es , of' c ourse , that they 
were the f'i rst f'resh-wa.ter arthropods . It ,  as Chamberlin has s �gested , 
life o riginated in th e so il and organisms first · evolved in fresh water , 
the eurypter1ds may have been the f'i rs t  and most · P rimitive of arthropods. 
The discus s ion becomes doubly important , if' we ac cept Railer ' s ideas . about . 
the intl �nee or the eurypterids upon the armor o:f the os tracode rms ,  early 
fish-like creatures . This group ,  like the r�rostanes , was ac cording to 
Chamberl in , of' fresh-water origin . 

· 

The gen eral rom or the O ' C onnell-Grabau argument is well known. 
Spec imens of' Ordovi cian eurypterids are f'oWld in marine sediments , but all 
are very fragmentary ,  hence the animals lived in rivers , and pi eces o:f their 
skeletonS were oc cas i ana:q.y c arrie d into th e sea. Specimens :found in late 
S iluriai'l. "Strata are remarkably complete , whi ch shows that 1he animals were 
at hCIIie in :fresh water, and were killed immediate ly if by any chanc e they 
were c arried by currents in to salt water. 

· 

. Many p aleontologists sti ll bel i eve ,  despite the :facts so abl:y mar­
sh,alled in. ·support of' th is theory, th at th e  eurypterids \lere ori ginally 
marin'e and did no t become adapted to lif'e in fresh vater t ill late S ilurian 
or early Devonian timos . '!'he me re fac t  tho.t the ir rano.ins are found in 
marine strata i s ,  however , no proo :f  of the theory that they were buried 
where they lived . S ince some new ovidence on thi s questi on i s  j us t  now 
comtng t o  li ght , fUrther discussi on  is best pos tponed to a. later report. 

!�he ques t ion about the habi tat of the eurypterids is largely acadEmic ,  
:for the ir o�y poss ible desc endan ts , the scorpions , had become terrestrial 
by Permsyl'Vanian times . Much more important , al thoUGh almost no th ing  has 
been Writ tEil about it , is the h istory of those animals m ich tor convenien ce 
are tenned the s chizopods , late Paleozoic crustac eans llhi ch we� pre sumably 
anc es tral to amphipods , isopods , anaspides ,  and malacostrac ans . We know 
prac tic ally nothinG of the history o f  this group till it s sudden app earanc e 
1n the C arboniferous , st Which time all its members appear to h ave been in­
habi tents of fresh water. One ot the lines , that ot the anaspides , appears 
to haVe remained in fresh water , being rep re s en ted today by snall.l and rare 
animals in Aus trB.lia and Tasmania. The other groups are ,  and have been ,  
so far as the g eological record tells us ,  ch iefly marine sinc e Triass ic 
times . Sane isopods and some malacos traceans now livi.ng a.re fresh water or 
terrestrial , but s uch torms are rare as compared with their marin e re1ations . 
How are we to int erpret thi s record? Were the ancestors of the modem crus­
tac eans marine animals whi ch sh ifted the ir hab itat to th e :trash waters in 
late Paleozoi c t ime s , only to retum to the seas during the Tri ass ic? It 
so , do the modern tresh water and air breathing ma:nbers repres ent a second 
migration to the land? !bese groups are so poor1y repre sented as ross i1s 
that we may never know the tulJ. history. It the modem C rustac ea orig :lnated 
1n :t'res� water, then the Arthropoda must be polyphyletic, ror the oldest 
tri lobites and hl'""�hipods sre c ertainly marine • . 

One history, 1tl i ch i s  fai rly well documented , and which may parallel 
that of the recent C rustac ea ,. is . that of' · the Xiphosura. It 01 r ideas about 
rel ati onships are c orrec t , thes e animals were marine from Mid�ambrian ti ll 
late S ilurian times , tresh water during the C arboniferous and Peimian , and 
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marine again rrom the Triassic to the present . 01" course it may be that 
there were marine .as well as non-marine representatives of the group in 
existence in C arba111"erous times , but if s o, 1by have their remains not 
been found? We know thousands ot marine tor every fresh-wator C arbonifer­
ous toss il. 

. . 
This report touches upon but a rew of the sub jects ltlich are invo lved 

in the s tudy o t  the paleoecology ot the .Arthropoda • . 

An attempt h as  been made to sho w that sanething can be interred as 
to the pos sible habits and habitats of the trilobitas , and attent ion has 
bean c alled to tho n o&d tor· . turther investigation of some other groups . A 
brief bibliography is aw ended. 
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H.ABI'.IS OF TRIWBTI'l!S · 

Willian E . S chevill 
(Harvard Uru.versi ty) 

Al1mentm APParatus and Diet 

In 1919 A. Bom described the c 'ei>Jial ic muscUlature of trilobites as 
his stud:f:es of Chasmops odini Eich�d led him to see it ( S }*•  · 'As ide from 
his discussion ot the muscles of tbe c ephalic appendages , he ma1nta1Iied that 
the entire sp ace between the hypostana and the glabella was EIIlpty or ali­
mentary tract t being OC cUpied to i ts  �::z:clusion by. 8 web or' ntUtJCles Operat-

. '  1ilg 'th e  hypostome.. This is his intecyretation o:t the in ter.ior p.lStulation 
o:r : t�e :f'rmt al lobe , : and of the hypostoma. · ' · 

. · · · 

. S cbmi�t ts figur&s ( 32* , pl. n , · tigs� 2 , 5 ,  1.0 , 16 aDd pl. "if, · figs .  
· : 1 ,  7 ,  '9 )  o:f' this and allled spec ies show two rows of· scars d iverging f'nxn 

the ·  center or· the f"ro�l'tal lobe arid ' eXtending · towal-d� ·the anterior e�e� He 
does hot illus trate their maetirig a:rter a sharp inward tum near this border, 
or the · group 9:f' three or tour dots , also made mown by Born, a 11 ttle to the 
rear. BOrn correlated · this pattern with . scars .  on th e  interior ot the hypo­
stoma Which lie directly beneath , sod suggested the existenc e- of a ' web of 
muscles stretched between 1hem, which would have restri cted the alimentary 
tract to the space alrove and beh ind the mouth ( 6 , fig. · 4, P• 166 , or 30 ,  
fig. 15 , P •  87) , which he places at the distal end o f  the hYJ;>ostana** . 

* See bibliography, pp . 41-43· 

. .  ** So do Walcott ( 37 ,  pl. IV, tig. 6 ) , Beecher ( 4 ,. pl. v, fig . · u) , ·ana Raymond 
( 23 ,  P• 69 , and fig. 24, P• 81) .  Its s ituat ion in. the Apodidae ( the spec i­
mens exBtliined were of �pid� �uctus {Kr8yer) ) ,  and in .  c i rrl�ed nauplii 
( 10 ,  pl. v, ti g. 7) , is w1 thin the hypostorna, which 1n the A:podidae , for 

· exsnple , covers also the l.ar$9 mandibles. As Beecher says {4,  P• 96 ) the 
appendages of Triarthrus •re doubtless . dtsplaced backWams \'lith the col­
lapse of . the ventral membrane against the . dorsal shell , -- why not , there-

. tore ,  the : inetastomo. as \19ll? (For evidenc e that the mouth could well have 
been in tbe lee of the h'ypostomo., v .  Raymond ( 23 •  i>P• 94-95, fig• 30 ) .  By 
allotr.lng tor this one might �store the mouth , still ' in  f'ront of' the meta­
stcma, but also in f'ra:tt ! o-r the d istal tip o-r the hypastanO.. sanething 
ot this sort is sho1m 1n Jaekel''S restorations { 18 ,  tig . 28 ,  P• 168 ;  cf. al so 
pl . VI) and m Richter' s ( 30 ,  t ig .  16 , P •  86 ) 

Copyright © National Academy of Sciences. All rights reserved.

Report of the Committee on Paleoecology, 1935-1936: Presented at the Annual Meeting of the Division of Geology and Geography, National Research Council, May 2, 1936
http://www.nap.edu/catalog.php?record_id=18676

http://www.nap.edu/catalog.php?record_id=18676


- 30 -

Richter ( 30 )  , replying to Born ' s  pape r, begins by citing a number 
of gene ra ,  mos tly Phacopidae , 'Rh ich smw comparable markings : Chasmops , · 
Pterygometopus , Phacops , Tr1merocepl1alus , Dianops , Phacopidella, Acaste , 
Asteropyge, P.&meni tea , Dalman! tina, Cheirurus , C eraurus 1 crntoli thus , 
S olenopleura, 8lld S cutellum. The last three are menti oned as not b eing 
strikingly c omparable. He also restricts the di scussion to the frontal 
lobe of the gl.abella, and the hypos toma, ruling out any other of Barrande •s  
"impressions auxiliaires , "  but . recogn i�g the pos sibility that any oth er 
glabellar impressions of this nature I!l8.7 be cmnec ted with the stomach 
( as  a matter of fac t sane of h is examples - e. g. c eraurus milleranus Miller 
and Gurley ( 24 ,  pl. I, fig. 7) are of post-fronta1 markings) . Great an­
phasi s is laid on the "reversal of the impress ion . " His figure 6 ,  P • 80 
(30)  shows en intemal c ast of the head . ot Dianops enophthalmus (Frech) 
on which the gl.abellar fUrrows are raised ribs . Th e  word "impress ion" is 
generally used � Ri chter to inc ll.l:le both pustules end puncta , with their 
oc casi onai linear ertens icm as ribs (keels) or grooves . 

In some forms th ere is but cn e  median impression. which may, as 
in Dalmanitina soc ial is ( Barrande ) , be a abort groove instead of a c ircu-

lar depress ion ; in others , as 1n Dalmenites cri sto.ta Barrande and D . 
hausmenni (Brangniart ) , there are three p'l.mc tate impressi ons , outltning the 
angle �s . seen on, e . g. , Chasmops . ( !bese and others , up to f ive "foss ettes , "  

may be seen in Barrande ' s atlas ( 3 ,  pl. 24-26 ) ) . Richter illustrates ex­
amples not only of' more t:Pan five impressions , but also of more than tliO 
rows , as on Acaste herm i (Richter) and CrotaloCepbalUS gibbus ( Beyrich ) . 
The imp;t.'ess ions need not be arranged in d iverging rows , but may be scat­
tered over the me dian sec tor ot the frontal lobe , though in many cases , 
as in A c aste domingiae (Murchison ) , the impressions within the two main 
rows are not , o.s Richter aanits , to be dist inguish ed  from �e general · sur­
face granulo.tian .  . \ 

·
So far all Ri chter• s examples have been fran the Proparia (he sug­

gests some c loser congeneti c relationship between the Cheiruride and the 
Phac opidee on this account ) . However, he also ci tes Moberg' s impressions 
i and k ( 21 ,  P• 29 6 ,  fig. 1) on Nileus amad illo Dalman, as well as the 
lines on the glabella · of' Ccyptoli thus tesse:UaiU's Green , which Ruedemsnn 
( 31 ,  f ig. 46 ,  P•  147 ,  and pl. 35, fig. 7) calls part of the "facial sutures" 
( and which Raymcnd ( 23 )  ignores in his discuss ion of Ruedemann • s  interpre-

.tation and e ls ewhere ) . Richter mEntions also the nuchal tubercle of "sane 

species o-r s cutell\lll , Nileus , e tc . "  but c�siders .  the fron�al impress ions 
of the Phacopidae as suff icient fo r the p resent discussion ,  poss ibly in 
view o f  the great inc lusiveness of the "etc 4i" He tu�her no tic es that these 
align.ed . ( or at least especially restric ted ) · impress ions are obs ervable on 
animals with otherwise sm:>oth tests and that as the surface o-r the glabella 
becanes rrugbened, the s pec ial impressims are lost . This might be cm­
strued to mean that he consid ered the general granulosa sculpture of the 
shell to s erve as attachmEilt for a diffuse musc l e  web , whereas the dis­.
tinctly loc alized impress ions indic ated a more local ized musculature , though 
he cb es not expressly S87 so .  However , he avoids this imputaticn by follow• 
ing Born, mo distinguishes the mus cle scars by their indepen dence of the 
"Durchporung der sonstigen Schale ; " this distinction is supported 9Y the 
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nature of muscle insertions 1n the tes t o� Recent macruran Deo�oda. 

Richter' s customary &PPeal to living roms le ads h:tm to a much. more 
grateful interpretaticm of these controvers ial malicings, that .of musc.les rad­
iating from the alimentary tract  not only to the dorSal test , but also to the 
hypostoma. These, 1n Recent crustac ea ,  assi st in persistalsis by opposing · 
the action of ·annular ( contracting muscles surrOlmding the canal ( e. g. ,  10 , 
P• 90 ,  and pl. VI ,  fig. 6 ;  this and other samples fran Chun ' s  "Atlantis" are 
of lepadid naupl i i ) . Richter' s  fig. 9 ( 30 , . P •  83 )  i s  a sketch , after Chun 
( 10 , pl. V, f.ig. 7) , showillg that "the only direct muscular ( or ligemen to us )  
connection between the dorsal test and the hypos tana . attaches tQ the latter 
very near 1 ts proximal edge . Corroboration is found in Bernal;d • s  figure 13 , 
page 56 ( 5 ) , a diagram of. the c.ephalic musculature or �· such an arran'ge­
ment would be ample tor the operatial of the labrum, whic h  after � func­
tioned chietly, no doubt , as an operculum - - any grasping �r hold :fng would 
be perfOl'!OO d by the paired appendages ; 81\d yet cQl s ider , tor example , the 
power our biceps can apply to the f'oream , Where it

. 
exerts aboUt the same a­

mount of leverage. Richter does not,  however , go into this ," and instead calls 
attent-ion to another draWing of Chun ' s  ( 10 ,  fig. 10 , pl. 6) depicting an th e  
dorsal surface o r  am ther lepadid ne,uplius a group of mus c le scars roughly 
similar in plan to the frontal pattem of Chasmops , etc . S inc e  these fasten 
the flexors of the tail and caudal spine such s1ight weight as they m� have 
as ·test :tmony is in favor of Bom ' s  · interpretation . 

�ichter adequatel7 explains the correspondence in ground plan of the 
frontal· an d  hypostamal markings . ( as  . on ChaBmOJ2S ) by pointing out ' the s bnilar 
dorsal. and ventral s ilhouettes of' the retle:ted alimentary canal . '!hat i s , 

from the ventral mouth the sle.ncier oe sophagus widen� r9rward intO , the s�ch, 
whereas dorsally the Wi de stomach narrows behind into :the intestine , this 
constriction being con troUed . as he puts it , . by tb.e rnandib\l.lar muscles , as 
well as by the dorsal 1\trrows , whi ch may also have supported radial gastri c 
muscles . !hus the similar! ty and correspondenc.e of these impressions need 
not - could · scarcely, lUlder the ci rc\ZilStanc es � imJ?lY direct c�ection be­
twe en them, but merely a mirroring o"t their distribution to the walls ot . the 
alimentaiT canal . Bom noted cCJlsiderable irregular! ty and oc castonal alight 
asynmetr.r in · these scar patterns , even in a single spec ies ; R!chter c ites 
this as additional evidence that 1h e  muscles ran to a ( relatively more vari­
able) so ft part rather tban tO .. a {more co�tant ) manber of' the skeleton. 

It would app ear, however ,  that one might interpret some , at le ast ,  of 
these mus cles as hypostd:nal ; surely 011e need not, like Richter in· his di agram 
( 30 ,  fie•  16 , P •  87) , restrict them all to th e  �dials . Dl deed , one could , 
With'out overdo ing , appropriate several of the anteri or of these scars to t he  
levatores htpostom.!:,., for ,  as ,  xnay be seen in F.riederich S chmidt ' s  figures 
(32 , pla tes II and V ) , the "divergi�ren de PUnktreihen" are to a great extent 

on the steep· fa.re part of the frontal lobe . Contrary to Richter ' s  statEI!lent , 
there is in many C!l!3es consi derJJ.ble frontnl space unoc cupied by s tom�ch � evan 
1n acme of thos e nanplii to whieh he r(..>f'ers (vide lO r pl� V-IX ,  XI-XIII ) .  
Bemard ' s  sk etch of· hPUS ( 5 ,  fig.  13 , ·p . 56 )  shows how hypo's t0lll81 muscles may 
run to the dorsal tost evan though the stomach is far forward ; they even seem 
to be somevmat deflected by the stomach. Moreover, woUld it no t be reascnable 

to suggest that such prominent s c ars ind icate the place of attachment of the 
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more vigorous muscles rather than the more del icate peristaltic on es? How­
ever, as Richter points out , Gerstaecker ( 15 ,  P •  960 ) and Chtm. { 10 , P •  1.77 } 
remark that not only may a_ muscle starting fran one insertion spread in to 
a more or less d iffuse web and so reach to more _ than one attachment, but more 
than one nms ole may be attached to one scar. 

'nlat th e glabella had as its chief function· the housing at the stanacb 
and assoc iated important organs , has long been the. natural belie:f or mo� t 
students , Born being very nearly a� in his conclusions- end qui te so in his 
reasons there:for. Richter mentions Br8gger • s  obs ervation ( 7 ,  PP • 22 :r . } that 
the glabella and · hypostana. consti tuted an acbirable capsul.e tor the :recep tion 
of such vital. organs , and further calls attention to the gibbous inferior sur­
face ot such do:t:Sally flat trilobites as scutellun paliter ( Barrande } . * 

Although he agrees with mos t in repudiating the idea that swollen 
glabellae were gas bl adders ( esp. Deipton and other bulbous Cheirurids } , 

Richter ac cepts · the proposi ti on  that oil or llm!PS ot fat may have been pres­
Ell t { such being fo1md o:ften in Recm t primitive Crustac�a) ; s ince these are 
interpreted ·as being hydroa tatic'8.l.ly :f"uncticnal , the globules of oil or :fat 
may h ave served to pro duce a buoyan t e:ftect .  There i s  of course n o  basis for 
this sp eculation •· 

-

An interesting point is Richter' s absolute reversal of our generally 
ac cepted concepti on  of the d iet of the trilobites as interred tram their 
glabellar .volume . We customarily cmsider. the toms with large glabellae to 
have been given to mixed or even wholly vegetari an  diet { e . g. , Raymond, 23 ,  

' PP • 81 and 103 ) , while less expanded types have been considered -to have been 
o:f c arnivorous habits . Richter onc e mQre refers to Gers�aecker { 14 ,  pp . 89 t. ) 
to prove jus t the oppos ite ;  aJ.Parently Recent herbivorous Crustacea have a 
simple , elongate , mdit:terent iated alimentary c anal ( vegetari ani an  may , how­
ever, lead to a widening ot tbc tract it t here is no possibil.ity of length­
ening it ) , whereas the carnivol•ous show a regional ditf'erentiation in to  a 
gizz��-like proventriculum ond stomach proper , Wh i ch are greatly expan ded .  

Ri ch ter believes , moreover , that pronounced frontal muscle s cars indicate a 
double stomach { apparently connecting the vigorous activity of the "gas tric 

mill" w.1 th the e::x:ceptianal develoiJ!lent ot the muscle insertions ) , and that 
this turther continns the conc eption that the Phacopidae , al.ang With their 
cousins the Cheiruridae , were the most powerru1 and active . ot trilobites . 

*By way of off'erinG further evidence of the presence of the stanach in the 

glabella Richter gives an original interpretation of one of Walcott • s 
sli c es ot Ceraurus pleurexanthEmUS Green {United States, Nati cnal Museum 
No . 68386 , 38 ,- pl. 104 , f ig. 5 - ct . · Richter, 30 , . 1'igs. 13-'14, P •  86 ) -

an interpretation f'ar more attractive than Walcott ' s  own. Richter canpares 
it w1 th a · similar section through th e head of a Recent lepadid nauplius 
{ Claus , 11 ,  pl. III , f ig. 11} which shoE a strikingly s imilar T-secti on 
in the collapsed stomach,, which might quite cwceivably be preserved as a 
c ast in a fossil. 
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tocanotion 

i'he loCOllloti on  of the t::·ll.obite may be cauri dered \Dlder three main 
·heacls : benthoni.c , including any tom of progress ion in o r  on a substratun; 
·nektanic ; and pl anktoni c . 

· · Following Dollo ( 12 )  and von Statt and Reck . ( 35 ) , thEI!lselves over­
enthusiastic followars of Dollo , some rather glittering generalities an tril­
obi te locanotion have found their way into tho literature. It was largely 
on thi s  ac count· that Richter wrote the first or a series of papers· { 27) ; in 
it he demonstrated same of the .fallac ies that . had gained widespread ac cept­
ance , chiefly in relation to swimning ; he touched upon s ane  ot the benthonic 
aspects in the second ( 28 ) . 

He canplains that trilobites w1 th pointed c ephalic and ·pygidiel. shields 
have been groupe d together as progressing by "Fortstacheln , " i . e . , by pushing 
thEII\Selves along 'With ·their sp ikes or points ( forms with sp inose pleura, etc . , 
are also included ) .  Thus Dalmanites l imulurus ( Green ) has been described as 
progressing ( cr .  oc currences of Dalmani tes hansmanni ( Brongniart ) 1n the Devon­
ian of Dworetz - vide 3 ,  pl. 24 ,  fig. 1 ;  - and a more graceful individual 
(l'ro . 1816) on exhibition in the Museum of Comparative zoology) by fixing its 
caudal spin e in· the s11bstratum and pushing with its body. This theory ·is 
allegedly (28 ; P •  24 , and 35, P •  146) derived from Lockwood ( 20 ) , but not 
rightly , for that author merely described the auXiliary use by the horse-

. shoe c rab of i ts telson (which, inc identally , is movab:cy articulated , as c on­
trasted with the fixed spine of trilobites ) in digging , mere it aids by sup­
plying a helpful pu rchase. L:lmulus walks , or crawls , if yo u  m ll, nonnal.ly 
by means of the legs . It is po ss ible that trilobites with pointed or sp inose 
pleura in the thorax, Vi th the ends directed domwards, could p rogress some­
what af'ter the .f ashion of the snake , which may be said to walk upon the ends 
of its ribs , but it does sean over-elaborate , to con jure up such nodes or 
p rogress! on when the re are knom appendages tully equal to the taSk at trans­
portation . There is no dearth of other func tions to assign to sp ines , wh ich ,  
as Richter says , must have been use:f'ul bo th a s  pass ive protect ion end hydro­
dyl;uuni cally. 

Richter rightly repudiates the interpretation of the gre atly developed 
c ephalic brims* an the Harpedidee and Trinucleidee as "mud-shoes" or "slime­
skates . "  As he ranarks , there could be no need fo r any such con trivance -
he ci  tea Leander , on its ten steeply inclined legs , walking e as ily on the 
softest ooze ; the idea of a natatory animal . bogging in the sea floor does not 
seEIIl vary reo.scm able. Richter' s chi ef  po int is stronger : such an apparatus , 
used as a skid ,  110\ll.d be more a hindrance than a help . In the first place 
the surface is  decidedly non-skid, althouGh the i rregulariti es might readily 
pick up en ough mud to make 1 t s lippery; moreover , i t  is only exception ally of 
a fo:nn adapted for skiing. Cons :lder espec ially CI1R.lol 1�, whose brim slopes 
steeply downw&rds to the front as well as to the sid es ; 1 t is true that the 
distal row of pores is on a more· or less horizontal berder, but this is narrow 
end i s  botmded by t110 abrupt carinae. This structure is comparable to the 

*'.rhis word seems better than the bodily trimster of Barrande ' s  "limbe" which so 
easily makes for misunderstanding in English ; ct. Bather. 
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carapace of' Limul.us . ihe s i-tuation in 1h e  case of' Harpes is s imilar, though 
there are spec ies in llbicb the under surface ot the brim is approximately 
flat or convex downwards • .  The c arinae - the Rand- and :rrlnprerleisten of' 
Richter ( 26 and 29 ) -- are much less obstruc tive than in C:ryptolithus , and 
in some instances even turned up in front. Richter' s  profiles (28 ,  P •  26 , 
fig .  1 ,  and 30, P •  208,  f ig. 3) are ins tructive , and suggest the parallel 
si tuaticn 1n Cryptoli thus ; f igure ,£. is probably the nearest approach to a 
natural. p os ition , even for swimning , whEn the narrower posterior part of' the 
body , furnished with smaller and weaker appendages , might well tend to droop ,  
though a i s  likely if' the an imal  bad ploughed 1n to the Dlld. Many of' the 
spec imens of this spec ies (H . macro c ephalus Goldf'uss ) in the Museum of Can­
parative Zoology are intermedi ate between .!. and �· 

.As to real out-and-out burrowing, like moles or  Ennelids , Richter is 
right in ob jecting that the trilobi tea were not particu.l.a.rly we l l  adapted • 

.Among Recent crustacea the burrowers are dis t inguished by being cylindro id -
at least less depress ed than the rest of' their kind, e . g. , the Isopoda. 
He points out that real burrowers make tubular passages , whereas even the 
mos t nearly cylindric al of trilobites , and parti cularly those gen erally 
called f'ossori al , woul d make a li t-like tunnels mi ch t«>uld readi ly collapse , 

· so the.t even had any ever been made they 110uld probably not have lasted 
long enough to be filled w1 th mud or s and end so preserved. The Phacopid­
Cheirurid type has the best c ross sec tion for purrowmg , and Richter would 
not deny it the honors here any more than in o th er matters , as he has named 
it as the most powerful and versatile trilobite type . However, the append­
ages of the Phacops described by Broil! ( 8 )  are c ertain4r not o f'  the limuloid 
type of Cryptoli thus . 

In the matt er of the refle c t ion of f'ossorial life in the extemal tom, 
conside r th e burrowing crayfish of eastem North .America ( C snbarus sp. ) . 
Thia creature looks j.us t like any other non-burrowing crayfish ; 1 ts tunnels 
ext end for yards an d  culminate in the controversial "chinmeys " (v. , among 
others , 1 ,  2,  33 , 34} . Perhaps fo ssorial adaptation among the Crustacea is 
largely a matter of' psychology& 

Thus Richter is undoub tedly justified in saying that such trilob ite 

burrowing as did oc cur 1188 1.m. doubtedly a sort of ploughing, like that of' 

Umulus . ( cr. Studer ' s  rBnark on the s :Jmilar habit of Serolis , quoted by 

Richardson , 25 , P •  viii . )  Even at such shallow depths the Trinucle ids with 
their long genal spines 110uld have be.en in some di fficulti es when it came 

to turning { e. g. , especi ally cmtolithus goldf'ussi (Barrande)) , tor the 
at best only slightly nexible spines muld have tended to keep the animal 

on its initi al course. Dl any case really deep tunnelling is unlikely { c f  • 
also 23,  P• 103) . AB Raymond ( loc .  c i t . ) and others have pointed out , it 
is probable that many trilobites habi tually covered themselves thi nly with 
loose sediment b y  way of conc ealment , as do shrimps and many other Recent 
crustaceans ; but how an an imal s o  buried as were the Vogdesi� at Elgin , 
Iowa ( 13 ,  and 23 ,  P•  102 ) c ould spring from ambush is not clear. 

In cumect ion w1 th this surf ic ial ploughing one might notice s ane 
of the apparent digging tools menti oned and figured by Richter { 28,  PP • 41 r. , 
figs . 9-13) ; they inc lude forward-direc ted points on th e hypostama , 
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J;\lproetus cuvieri (S teininger) ) ,  epistOma (liomalCilotus h ippocampUs S chwarz ) , 
and ploughshares and denticulate brimlets on the c ephala of acme P.hacopidae • 

. · 

There has been some· c ontroversy over the swi.Dming attitude or tril­
obites - whether they sWam w ith the back up or down . · !his \Dldoubtedly vari ed  
in d i:f.rerent types and at different t mes. Richter ( 27 ,  P• 224) says about 
all that there is to say about this : such Recent Crustacea as exhibit this 
ability ( e. g. , the Apodidae , the isopod Dynamene , etc . )  are generally equal­
ly proficient in e i  thor position . It is probab� largely a matter of 11hat 
the animal is doing at the momen t ;  it in s earch of food near the surfac e  it 
mq swim upside down ( RQ!nond , 23, P• 99 ) 

· 

the most likely assumpti on about the s111Iiming methods ot a trilobi te 
is that they are not much unlike those in use by. th'e most trUobitoid at 
living an imals .  !hese are i n  general found among the Isopoda , and it ap­
pears , both trom Richter ( 27 )  and other sources ( I  have not been able · to 
observe any personally )  that these custanaril.y sw:lm · by mearis or the legs , 
With 'the body eXtended . Many, it no t most , have broadme d  or set iferous · 
sWinming teet , or both. �e trilobi te ElJC9podi tea approach the various forms 
ot Recent c rustacean pleopods most nearly , - much more so than any kno11n tom 
ot trilob ite endopodi te. For th is reason nearly all authors , except �Cild 
( 23 ) , interpret the exopoditos as the trilobite ' s  sw:lmn1ng teet . In support 
ot Raymond ts bran chial explanation mer b e  montioned these sane Isopoda , emong 
whi ch "the pleopoda are in some oases nata tory, but · the ir tunc ti<Zii is resp ir­
ato ry to r the most part" ( 25, PP • 2 r . ) .  Of the six orders or isopods only 
one has the pleopods enti rely nata tory, whereas ot the three 1n wh ich they 

· are enti rely· branchial. one has ths ti tted tor air-breathing. A mEm.ber or 
this terrestrial group , Oniscus a.Sellus L1Dne, · i s ,  however, mentioned by 
C� ( 9 ,  P •  201) as �ing the endopodi tes in breath ing. 

· �and has said , though unfortunately without suppOrting analo&r in 
liv ing forms , that tri lobi tea w1 th wlde axial lobes probably swam fo rward by 
vertical undulation ot the ent ire body ( the fish ' s method rotated laterally 
through ninety degrees ) , though in his memoir ot 1920 ( 23 ,  P •  99 ) he speaks 
ot this as an incident in backWard swimming by means , primari� , ar downward 
strokes ot' the pygidium. Once Richter sueges ts such \1rigg11ng ,  but as an 
inc ident to forward sWimming primarily by means ot the legs , in the case of 
Harpe a ( 29 � P• 211) • !ftlis same · author ( 27, PP• · 221 t. } implies that Dollo · 
(12)  pictured Deiphon swinming in what Richter believed to be llhale-tashion , 
i . e . , "by sculling or screWing Wi th the pygidium" ( "  . . .  durch Wri cken oder 
S ch rauban des S chwanzschildes " ) . Dollo · did anphasi ze the similari ty in ap­
pearanc e  between the pygidiw or De iphon and the ·cetacean tail , but did not 
explicitly say that the trilobi te swan in th i s  mamer. Neither, however, 
does the whale . There is in the Cetacea no such c audal . musculature as that 
to Wh i ch Richter refers ( 27 ,  p. · 222 ) . rn the tour longi tudinal reentrants 
ot the pos terior part of the vertebral column lie four mUI3cles , the upp er 
pair or whi ch ( ct .  the trilob ite ' s  extensors ) litts the tail ,  and the lower 
( ct .  the flexo rs )  pulls i t down . A very gentle . and measured movement of 
the t ai l  1n this manner can propel the animal at a respe ctable · speed* , as 
many ocean travellers must have obs erved in porpoises . Deiphon s eems to 
have had roan EDOUgb to r a musculature adequate to flap his spare pygi diun, 
but i t  is unlikely that it would be a highly eff icient propeller. 

• Dr. G. M. Allen - verbal oonmuni cat ion .  
C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .
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Richter' s ob j � c ti�ns to habi tual backward sWimning by means ot py­
gidi al sl.aps are for the mos t  part well taken, parti cularly 1n view of such 
publi cations as v. S taff and Reck ' s  ( 35 ) . He doubts the suitab ility of the 
c ephal ic and pygidial shi elds 'for such sw1Dm1ng ( in  many trilobites , except 
those with long thorax and strong longitudinal muscl es , the cepho.lon would 
ot necessity p ert'om. a corresponding arc when the pygid ium. was abruptly 
flexed ) . It DlaJ' be that these shi elds would not have been strong enough to 
stand the stress crt s uch use ; it is c ertain , though , that they would , as he 
says , be too sti ff in recovery ; and there is no way in &i ch they could be 
feathered , like the telson o t  Rec ent macrurans . ntus , as their c oncavity 
is in many c as es such (part icularly would this be true in toms With a ra­
chis s o  deeply arched as to a<Dit ot strong longi tudinal musc les ) that the 
inertia of the water they would c atch an d  hold woul d brake their rearward 
impetus rather s trongly. Richter recogni zes the advantages ot moderate 
spooning , as in o ars .  His cont enti on that such fonns as the Illaenidae and 
Phacops are scarcely suited , when . enrolled , to any motion save that c cmpelled 
by gravit ation Will read ily be admitted , and the lack ot any sort ot a di­
rect ive drag , such as is p rovided by the rigid c ephalothorax and extended 
chelae o'f Hanarus and i ts kind will readily be admitted .  

Ri chter also doubts that trilobites had adequate musculature 'for 
such methods of swinming, even ·those w1 th a praninent rachis . The alimen­
tary c anal and th e  muscles or the appendages oc cupy too much roan, and the 

· sub-pleural spaces are too thin . Furthe more , h e  denies the exi stence on 
the pygidium of s uch muscle scars as have been desc ribed , c redi ting only 
those on the cephalon ,  hypos tana ,  and thorax. By no means isolated exsnples 
ot pygidial muscle ins ertions are given by Hall and Clarke ( 17 ,  pls . VIII A, 
fi g. 15 , XXV, f ig .  a ,  end PP• 103 r. ) and Walcott ( 37 ,  pl. rv, fig. 5 ,  and 
p . 222 ) . ( It i s  true that thi s example o r  Walc ott ' s is of extensor .mus cles -

vide 23 ,  P• 92) .  Richter also ranalks on the f'lattened tests ot tho s e  tri l­

obi tes w1 th the largest pygid.i a ,  c it ing S cutellum and the Asaphidae - saying · 
that·  the i r  :mus culature would be most inadequate . Thi s does no t by any means 
apply to all Asaphidae , and cn e  might mention s cutellum campaniter ( Beyrich ) 
and s .  brangn.iarti ( Barrende ) as counter-exanples . It has been suggested by 
Raymond that wi dth even . wi thout much height 1Duld insure suffi ci ent space 
tor longitudinal mus cles. The volume ot the rachis is doubtless more impor­
tant than extens ion in any one dimension. - ei ther he igh t o r  breadth - alone . 
Richter appears much too exacting about musc les ; he credi ts th� muscles ot 
tho app en dages With usurping an extreme amount ot sp ac e  in the axial l.obe . 

Ri chter also lays great emphas is em the abs enc e ot a differenti ated 
"Pols e�en t " 1n the thorax , i . e . , tho praninence of that s e@llent 1lh ich would 
tom the cut-water in back-flipping. F ew even or the Dec apoda show such a 

feature . · Sane , as , tor example, Palaemcm etes , have a marked ldnk in the ab­
domen , but the double imbrication referred to by Richter is a special , ·  but 

not t oo  uncampon, feature of the pleura and · doe s  no t oc cur in the tergun of 
the se�ent in ques t ion . There is an app arent reverse imbric ation in the 
rachis at the j o int between the c arapac e  and the f irst abdanin al  segnent , 

but this is merely a deceptive app earanc e .  

Richter ' s  point i s  that oll Rec ent aquatic arthropods at all l ike 
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the trilobites swim forward with the body ext ended , paddling Wi th the legs . 
!�his sound rathe r inc lusive ; but is essentially true . His reason s , however , 
as shollll above , are no t all of the be st . Among living C rustac ea back-flipping 
appears to be lmown onlr in hOI:paroi� animals .  

Von S tart  and Reck ment ioned snong the ir cri teria. for a retrogress ive­
ly swbmning trilob ite eyes stalked or o therwise adapted for rearward vi sion .  
Other explanations may , however, b e  o t:fcred . For example , ·  Rayn10nd h as sug­
gested ( 23 ,  P• 102) that Vogdesi a Vi,gi lans · was equi pped for alertness in am­
bush , and �pported thi s w1 th _Fin ch ' s  ac count of the an imal 's o c currenc e  { 13 ) . 
A f'urth�r developnent of this is to b e  noted in such forms as Asap!lus koweJ.e skii 
S alt er. The s talked eyes of sone of the spinose tri lobi t es , as in the O donto­
pleuridae and Lichadidae , may rep re s ent a convergent line of adaptati on .  As 
these floated _ among their misc ellaneous planktonic as sociates bits of s eaweed 
and the like would becane attached to them, probably serving well as c amouflage . 
�us the p ro duc ed eyes would be us ed as pr.obably by Asaphus icowalesk i i , but 
might als o be a necess ity to <mable the an:lmal to see out of its dress · or drift . 
Ri chter has made a some'\'lb at similar sugges ti on in one of :tlis pape rs . IIe is un­
doubtedly right in declaring that stalked eyes are not a dysphoti c adaptation -
what good c ould they possibly do there? - but there i s  no necessity for call­
ing them balEm c ing o rgans ( 27 , P •  -233 )  • .An interesting feature of th es e  eyes 
is their. forwa..."'"d raking , as if to make i t  easi e r to s ee direc tly ahead ; even 
such no mal · eyes a8 those of Asaphus expansus are directed very much down and 
to the front . Might not thi s be taken as evi denc e  that th e an imals habitual-
ly moved forward? Trying _ to· judge fran the eyes alone , or from any other one 
or few t'eatures , i s  lik�ly to lead astray. �is is parti cularly well shown 
by Dollo ' s  Paleonto logi e Ethologique ( 12) . l"or example , Apus has dorsal eyes , 
and Richter says i t  likes t o  burrow, but is nevertheless no moan swimme r. 
Dollo does seam open to the ac cusat ion of having judged the arthropods bt the 
fish� So also Richter when he fears that a bluff glabella Ddght tend to coun­
terac t , by i ts resistanc e  as a cutwat er , the power indic ated by the deep ra­
chis ; he himself has frequently c al led attenti on to the expert swimming at 
such s�emingly . inept fonns as sane of the Hydrachnidae . 

As to the weight of the tes t  keeping the tri lob ite� mos t  of the t ime 
on the bottom, it s eems no more li kel� than in the c ase of Rec ent Crus tacea. 
I do not sec that any generalization can be made about thi s ,  except that some 
do11btle s s  were more C omPletely benthonic than others , depending on a vari ety 
of fac tors , such as , in deed , wei ght or shell , but more immediately an their 
positive adaptations for swimning , such as musculo.ture and nature of the ap­
pendages , general sbo.pe , in clui ing such detai ls o.s the disposi t ion an d  nature 
of the eyes . *  

* I certainly s ee no point to the assump tion ( 27 ,  P • 231 - after Jaekel ) that 
the .Agnos·tidae , even if their shi elds do balance and are rel atively very 
large , should have had t o  swim o r  floo.t beco.use the wei ght of their shell 
was too great for the ir "few" legs . �en if minim\111 values are taken , they 
would still h ave had from twenty to twenty-four endopodites , which should be 
sutfi.cient f or c rawling ( the Isopod� get along with fourteen ) . · Dl any case , 
however , regardles s  of the .  n\lllber of legs· , nhy should a shi eld cons isting of 
fus ed so�en ts weigh significantly more than the s ame number of free seg ... 
ments? 
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. What Richter s ays about us ing the do rsal shell as an index of na-
tato rial abili ty is ve ry much t o  the point : We know practic ally nothin g 
about the relat ive developnent of the appendageS"'Cii tri lobite!' in general . 
'!heir size is surely more important in thi s mat ter thaD. variations in the 
design of the rest o f  the bo dy, whose i ll-adaptation they might mitigate 
or overbalaD.c e .  

Richter b elieves that the fbnbriated exopodites were pleopods . On 
this account he assigns to Triarthrus end f!l:ptoli t�.• which he 110uld not 
c all nektanic from their shells , strong swimming ability. The ch ief point 
has been stated : the index-value o f  the dorsal shell is mod ifi ed by the de­
velopnent or other parts or the body, ch iefly the appendages and thei r mus­
culature ; but ac canodat ian tor the vi sc era i s  of c ourse also important . 

However ,  when he c anes to naming his choice of the mos t active swim­
mer he reaches prac t i cally the ssne con c lusi on  as Raymond { 23 ,  P• 103 ) , who 
names Isotelus and �almani tes , whe reas Richter selects his "Phacops -type . "  

Almos t the only point or co mcidence of the conceptions of criteria 
for swimming trilobi tea of Raymond and Richter is the agreoment that large 
subequal shi elds indicate such habits. Whereas the fomer cons iders the py­
gidium as a p ropeller , Richter thillks of t� two sh ields as support ing 
planes , balanc ing one another. He also app eals to spines in the horizontal 
plane for the smoo purpose ; thus the genal sp in es of the Trinuc leids 110uld 
c arry the weight of the head far b ack and so balanc e  i t  properly. The 
same applies to Harpes , ltl i ch  he c msiders almost exc lllsively nektoni c , not 
seeing how it could do anything on. 1he bo ttom except rest - because of the 
di s c repancy in level� noticed above ( and vide 28 , fig. 1 ,  P •  26,  and 29 , fig.  
3 ,  P •  208) .  Ri chter refers to Woltereck { 39 } , but appears to h ave missed 
his po int , for Woltereck declares that the sp ines are primarily di re c t ive -
immed iately mechanic ally and s econdarily photostat i c ally. Gumey ( 16 ,  P • 
462 ) men ti ons the great d irec tive inf luence of the median spin e  or the 
Corys tes zoaea, a dding that spines {median ) seem to be important balancing 
organs , wh ich disappear as the "auditory" organs develop t o  eft ic iEilcy . 
Ri chter menti ons the raph1ophor1ds as one or t he types in which the head 
was supported in swimming by the long genal sp ines (vide above ) .  The fron­
tal sp ine , as or. Ampyx, would not do this in just the sane way , but would 
undoubtedly help keep the head up in forward sWimning. Woltereck ' s  work 

( 39 ) m vari ous kinds of Dapbni� ( esp . Hyalodaphnia) indicat es th at such a 

spine has great influence on bo th attitude and direc tion in sw:Lnming. 

Richter may be ri ght in s aying that no trilobi te was enti �ly plank­
ton ic , i . e. , could hang motionless in the water, 1ll thout s inking , but a cme  
of than probably made a :fairl y clos e appro ach to it. He spe aks of Recent 
sp inose plankton with exc ept iona lly compli c at ed app endages whi ch may equal 
or �rpass . the r�itications or the tes t , and he would e� ec t similar d evel­
opnEil ts in the Odcntopleuridae. such appendages would , of cQUrs e , be a 
nuis anc e  to a ben thonic animal, but 11>uld be of advantage off the bottan. 
By way of proof that t rilobi tea were no t genuine plankton he otters the 
testimony that the i r  enrolled shells show that they sought retug e  "when in 
trouble , i . e . , frequently" by folding up and sinking to the bottom. Even if 
they were not entirely planktonic ,  the Odontopleuridae app roached th at con­
di tion very closely ,  and the ir locanotor app aratus may have been some\'h at 
modified . 
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With Richter' s stmnary ot trUobi te locomot ion we have very l it tle 
que,rrel - much less than with same ot th:e evidence on whi ch this S11Dllal"y i s  
apparently bas�. He consi ders the trilobit es as prim&rily benthonic , but 
also able to swim by paddling w1 th the legs . Enrollment he looks upon as a 
reflex ltlich was manifest ed in any Emergency, no matter , naturally enough., 
What the animal was d oing. But he makes no mention of burrov.l.ng , even or 
the plolJ$hing kind , which must have been quite ccmmon. He canpares trilo­
bites to S erolis ,  as crawling en d  sw:l.nming llith equal ease ; t o  th is I ll>uld 
odd that theY. probably , in great measure , als o  burrot7ed to about as great 
dc�ree as t�t -* .  isopod. *  

· 'Enrollment 

Enrollment is almost the fi rst thought 11hen one is asked how a tril­
obite could defend i tself agains t attack . ** This is because or n\lllerous 
finds or the an imals so disp osed , as well as upon analogy w1 tb. l iving isopods . 
In n ear}Jr all instanc es enrolled trilobites h ave been fo\Dld to belCilg to 
f'o l1DS w:l. th the ends of' th e  pleura facetted so that they s lide easily upon one 
another and make a clos e-1'1 tting series of' imbric ated jo:lnts 11ben the animal 
is flexed . Trilobites without such bevelling are not , as a rul e ,  f'01md en­
rolled , though Ceraurus , for ErXEI!lple , has been so collected. In thi s country 
1 t has been c ustana.ry to speak of the facetted f'oms as c apable of' Enrollment 
Whereas thi s abi lity was 1mpl1c1 tly or even explioi tly d enied to the rest . 
They have not been so  restri ctive abroad , however , and Richter { 28 )  reflects 
this When he asserts that all trilob ites could enroll ; he c i tes Panpeckj*** 
as his authority as he cm tinues to the effect that the fri ction of' the slight­
ly com'ined facetted pleura upon one another would keep the animal in enroll­
ment even after the relaxati cn or the flexors ( i . e . , even in death , after 
the decay or the viscera ) , 1tl ereas the untacetted f'onns would lmroll as soon 
as the f'le:m rs ceased straining. Panpeck j made a cardboard model or Para­
doxides and round that it would enroll quit e  well ,  though not so perfectly 
as ,  fo r example C al}'!Dene or Asaph.us .  {M. Neumayr appears to have appealed to 
natural s election , and maintained that the ris e of predaceous foes , eu.ch as 
fishes end cephalopods , induc ed an increase in the dis tribution of facetted 
pleura by putting a premium a1 ability to remain a lcmg time enrolled ) . 

I have exa:nined a n\lllber o't Recent isopods (mostly Sphaeranidae ) in 
search ot taoetted pleura and inf'ormatim em enrollmEI'l t.  The major! ty were 
enrolled , and very t i nnl.y, so that attempts to unroll th EIIl or to enroll ex­
tend-ed individuals were abandoned f'� fear or in juring them ( they were alco­
holic specimens ) ; inytOne ot th ese did I obse rve anything like pleural facets . 

* S ee above , and 25, P • viii . 
** S ane have gon e rather to extremes in 'this . Jaekel , tor example , supposed 

ala1med Agnostidae to enroll w1 th such vigor that they drove 1h<DS clves deep 

into mud - out of' s igbt l To Richter this does not , app arently, seem particu­

larly tar retched , though he objects that th ey  were so light that they prob­
ably merely stuck in the surface or the mud ( 28 ,  P• 32) . 

:Further, Richter scans to look upon enrollment as cn.e of' the tri lobite ' s  
mos t important acts . He even ( 28,  pp. 29-30 ) retuses to eonsider enrollable 
trilobi tes as burrowing. on th e ground that they could not then onroll ; be ap­
parently did not be lieve that thei r  need tor enrollmen1t was much dimin ished 
in such c ircumstan c e s .  

*** J"ahreschet'te Ver. vaterl. Naturk.wlirtt . ,XLVIII ( 1892 ) ,  PP • 93-101. - .. 
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Thus , although facetted pleura may well h ave been of us e  in enroll­
ment , they were evidently by no means indispensable . Although the ac cepted 

· explanatims appear to :fi t the facts very C al.Vaniently, they should undoubt­
edly be modi:fi ed . 

The general assUmpti on has been that such passive defense as · en­
rollment and sp ines attorded was about all that trilobites were c apable 
or ; similarly they have been considered chiefly as scavengers , and portray­
als of p redaceous habits in  trilobites have been t-epudi ated ( e. g. ,  23 ,  P• 
103) . Richter , however, menticns Apus as successf'ully attacking active 
prey ( 28 ,  P •  40 , footnote ; he mentions Branchipus , tadpoles, and annelids ) .  
ben this testimony is scarcely ne.cess&.&...,- to allow of a trilobite catching 
at least some living food , particularly 1:f' it be gr�ted that the c reature 
could dart abo ut suddenly. 

· 
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' 

mE <E COLOGY OF PORIFERA, AND POOS m iLITIE3 OF DEDUCTION3 
JS TO THE PALEX>ECOLOGY OF SPONG]S FROM WEIR FOOS nB 

By 

M .  'f. de Laubenfels 
(Pas ade:g,a , Caliromia ) 

At the pres en� t�e sponges in their morphology and in their di s­
tribution show react ions to the effec ts of environmen t .  Even with our pres­
ent limi ted knowledge same ·things may be said as to the nature of the env iron­
mental effects in question . Consequently , knowing only the environmental 
effects , one may deduce a lit tle about the envi ronment that was the causa­
tive agent .  Furth ezmore , by assuming that the procedure 1n bygone ages 
was much the s ame as that which prevails now, one may dratr some conclusions 
from fos sils regarding the envi ronment whi ch was fonnerly presen t .  

En.vira:unent may be considered under th e  head ings o f'  physical , chem­
ical , and b iological. 

Sponges grow only in the water . 1bey may survive in sp ite of' emer­
gence , as for instance at low tide , but they cannot carry on o ut of' water. 
When dead they may be washed up in the wrack . They may even conc eivably be 
blo111 inland . Direct observations of such oc currences are quite rare, how­
ever. Oc currence of' fossil spon ges , therefore ,  constitutes almost perfec t 
proof' tha t during their life , the horizon in which they oc cur had been sub­
merged. 

Among the more important physi c al 1 tans 1n the environment of the 
sponge is the matt er of currents of water, the ir presence , abs ence , or de­
gree ; and also the nature of' that wh ich is transported by them. 

It is no ted , for instanc e ,  anong the c ollec tions made by the "Chal­
lenger" and other dredging operat ions , that the station s which yielded no 
sponges were consi s tently far fran land , furthemore that no station s  wh ich 
were a great distanc e from the nearest island or con ti.11ent yielded many 
sponges . One c an  only sp eculate as to ltlat may be th e  nature or the mater­
ial requ ired , but c ertainly s anething or other must be brought by currents 
from land , otherwise sponges c annot exist . It may possibly be concluded 
from this that Wherever fos si l  sponges occur there was probably a large 
island or c ontinent w1 thin a few h'lmdred kilometers . 

Another matt er bears on the question of whatever it may be that the 
curren ts bring to the sponge . We have numerous observations of sponges 
growing in aquaria but having no other nourishment than what they may ob­
tain from the current of water that is being introduc ed into said aquaria .  
Th e  fac t  th at sponges regularly die when kept in stagnan t water may indi­
cate that in such the oxygen supply becomes exhaus ted and that they perish 
from suffocat ion , but the fact that they can l ive in aquaria whe re they 
are not fed otherwi s e  than by that which is brought in by the current i s  
signifi c ant o f'  a nutritive as vell as respiratory Unportance. 
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One of the most 1mportan t effects of the current an the sponge is in 
connec ti(m w1 th rsnoval of waste produc ts from it. · :rn nearly (IV'ery c ase 
where sp Qnges are folm.d groWing in calm water , a high collar or "chimney" is 
found erected about the exhalant aperture or oscula . It is fai rly evident 
that this has the value of separating the exhalent current fran the inhal­
ant, thus reduc ing the poss ibH.it;y that the material just e jected from the 
sponge might be at onc e re-admit ted to its pores . The oc currence in a fossi l 
sponge of s uch oscular chimneys indicates a high p robab ility that during the 
lite of the indi vidual i t  was surrolm.de.d by relatively stagnant water. As 
noted below, the deposi t ion of s ilt may also ac count for oscular chimneys .  
S ince such deposi ti on i s  frequen tly als o associated w1 th relatively calm 
waters something can })e said as to the lack of current indi cated by such 
morphology. 

Sponges that l�ve amid rapid currents always lack pronounced sttr'.f'ac e  
elevations . �is i s  a relative matter. The stronger th e  current ,  the more 
nearly level.  will be the surface of the sponge . Where the currents are very 
vi olent indeed , the rule ( to  . l'lhi ch there are very few exc ept ions ) is · that the 
spOnges take mat i s  c alled the encrusting fo nn ,  extending laterally 1ndef­
ini tely but n ever protruding far above the substratum. If they do grow per­
pendicularly it is 1n a hemispheri c al  or low , rounded manner that is very 
characteristi c .  Each of these simple arch itec tures may also o c cur in calm 
water. It would app ear qui te justifiable , however , to argue fran the ap­
pearance of anything other than encrus ting or hemispheri cal �onn in a foss il 
sponge that the re  were n o  consi derable currents about it during i ts 11f'e1;ime . 

. . 

The preceding · p aragraph refers chiefly to condi ti ona wherein current 
. frequently changes d irecti on s o  that. the sponge is affec ted from n early all 
sides . Wherever the curren t · is conf ined to a channel s o  that it af'fec ts th e 
sponge p rinc ipal.ly :tran jus t  one side , or from t-wo opposite si des, i t  is the 
rul e  ( although there are. qui te a few exc eptions ) that the sponge fauna ex­
hibi ts si gnificant shapes . Sponges that in calm water grow up 1n a bush­
like rom, when groWing in a current ' ten d  to become flabellate or :tan-shaped . 
Ano ther shape common ·  in currents i s  the lamel,late form, frequently having 
all the oscules on just one side and the maj ority ( though not quite all) of 
the pores on the oppos i te s ide . .In th is manner the current may be he lpful 
in respect to the circulation of the sponge , the os cules or exhalent open­
ings being on the downstream side and the :Inhalant open ings on the upstream 
side. It is by no means certain that the ro le or environment in c ases such 
as th is is as simple as 1 t seems to be at. first.  It may be menti oned here 
that s pecimens of sponge are fotmd haVing th is lEJDellate fonn and living in 
a currant , but that i t  is seldan ( if ever) found that s:lmilar spec:lmens near­
by, out of reach or the current , have another shap e. Instead ,  in such ad­
jacent locali ties , .  oc cur ltla t s eem to b e  c learly dir:terent species. ihe as­
S\IIlp tion may th erefore be made that lamellate sponges succeed in living in a 
current of cmnparatively uniform d irec ti on ,  wh ereas sponges of some other 
shapes do not thrive there. 'nle Hyalospongiae { or Hexactinellidae) afford 
an interesting f ield for speculation w1 th referenc e to the poss ible effects 
of one-way currents · upon. the morphology of the sponge . Many varieties of 
this class grow in en erec t , hollow, cylindri cal for.m, wi th their pores dis­
tri buted about the can V&X exterior whi le a large intemal cloaca leads to an 
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apical exhalent sperture. The whole s tructure· is so openwolic that currents 
may sweep through i t. Now it frequently occurs that upon collec tion such 
sponges (Euplectella is  an example ) are found to have a sharp bend in the 
cylindri cal tom. This is so c learly ingrown that it must have been long 
present. Spongelogists therefore c onc lude that as it grew the spon€Jt lesn­
ed downstream with respect to a pennanent or sEmi-pe nnen.ent current whi ch 
could thus pour in at the·  inhalen t openings and sweep out at the exhalent , 
in this 1fBY' reinforcing the sponge ' s  inadequate hydraulic efficiency. It 
is imposs ible to verity thi s conclusion by means of diving app aratus because 
of the great depth at ltli ch such spec ies grow, none the less , the theory is 
so plausible as to coiiiD8lld respect . Such morphology in a fossil sponge 
very probably indi cates that when s till alive the animal in question was 
bathed wi th current of unitonn direct ion , and at a depth to be measured at 
least in terms or hundreds of meters. llany calcareous sponges or Calcis­
pongiae also have a c ylindrical fonn with the inhalant openings on· the out­
s ide and th e exhalent openings apical . It may be noted in these whi ch oc­
cur at such shallow depths that they c an  be observed d irectly, that they 
are so pivoted upon the ir bases that regardiess of  the d irection of the 
curren t ,  the oscula is always downstreB!l• This lends additional support 
to the c redibi lity of the above men ti oned theory. It ·is rather easy to 
discriminate between the morphology p ermitting s uch pivoting ,  and that 
which inst ead tmplies ri gidly sessile fixation . 

Another factor in connection with currents i s  that of the depos i­
tion of s Ut .  1'o begin With , it may be s tated that where very fine silt 
is settling, no s pong es can live , app arently becaus e  their inhalant open-

. ings become c logged . This is necessarily a somelb at inexact statement be­
cause there is no sharp dividing line ; the finer the part icles  in question , 
the fewer are the sponges that occur. An oc cas ional. mEmber of this ·Phyllml 
is found living , however, even where the fineness is such that the condi­
tions might appropri ately be referred to as muddy. 

The mere oc currerice of a fossil s ponge does not prove that there was 
no silt being depos ited during its lifetime at the place where it grew, 
but one c ould say roughly that the mo re abund ant th e  sponges are in any 
given geologic horizon , that the less likelihood therefore exists that 
said horizon was muddy at the time of growth of the sponges . 

Where coarse sand is be tng deposi ted sponges frequently flourish , 
but invariably wi th a certain morphology that is quite distinctive . In 
them ,  as al so in sponges that grow in very c alla water , ( but even more reg­
ularly) there are thrown up c ollars o r  "chimneys " from the oscules , fre­
quent ly to a height of many c entimeters . The pores are of course sometimes 
covex-ed up by the sand , but where this is coarse enough , the currents may 
still en ter the sponge through the in terstic es between the particles . 

The ooze whi ch tor.ms very slowly on the bottom of the ocean affords 
a very different type ot p roblem from the standpoint ot the sponge . One 
may judge that there iS l ittle difficulty in the way of clogging the pores 
by rapid ac cmrulation o:r thi s ooz e ,  but that there is a problem of support 
les t the sponge sink into it. The rule i s  that sponges oc curring in this 
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type of locality have wtiat are !mown as "root tufts" of' lc:mg spicules 1n 
d9J1se masses 11hich run out into and dom El!long the surrounding masses or 
ooze, thereby holding the fUnct ional p ort ion ot th-e sponge on the s urt'ac� 
of i t. Wherever a f'os sil sponge sho118 clear cut evidence ot such root . tu:rts 
the ·essllllPtion may be made Wi th  great confidence that it was growin g on · ooze , 
henc e  probably at a consi derable depth ,  and not upon . �  rapidly forming 
s i lt or mud • 

.Another 1 tEID that needs to be c cn sidered in connection wi th currents , 
al though having only a Bl ight paleontological connecti on , is the . mat ter or 
larval distribut i on .  There are indi cations that sponges spread from one · 
place to another more s lowly than membe rs ot most other phyla . In Puget .  
Sound the con di tions t or sponge life are very good , whi ch .is p roven by the 
fac t that enonnous numbers of individuals l ive the:t"e ; on the other hand, 
the number at different sp ec ies i s  very snall• The · speeies whi ch do . 
occur are conf ined largely to those whi ch m ight be carried in on the. backs 
of mollusks, hemit crabs , or on ship bo ttans . 

The indi c ations are that during the interval whiQh �as elaps ed since 
the region that is now Puget Sound sank below the s ea level, only a s core or. 
so of exc ept ionally migratory spec ies has had t ime to work 1n. It i s  tempt­
ing therefore to as sune it in en horizon th ere are found n1.merous different 

s orts of foss il sponges , that the loc ality in questi Cil had been cmtinuous ­
ly favorable for the growth of spcmges for many thousands of years at . the 
ttme ltl.en those foss ilized were st ill living . In further conf innation of 
th is gene ral i dea one may no te th at the sponges at the Pacific s ide of the 
Isthmus of' Panama , sbow a most rEIDB.rlcable resEI!lblJmce to thos e oc curring on 
the Atlan tic or C aribbean s ide . Amcmg the invertebrates in general such a 
res emblance do es not exist , and indeed is not to b e  exp ec ted , because in 
that region the re has probably beEil no conne cti on between the two oceans for 
a very long t ime ,  OVEil geologic ally speaki!lg . The in:t'erence is that once 
sponges are established 1n .a g1 ven loca11t:r they remain for many millennia. 

There i s  another matter that has very l ittle to do w1 th currents , 
but has much to do with the shape ot th.e sponge , and needs therefore to be 
kept 1n mind 1n deduc tions · ( as to pres ence o r  absenc e of curren ts } bas ed 
on sponge morphology. When sponges are forc�d to grow on a small s ubstratum 
they grow princ ipally perpendicularly , at the exp ense of lateral grovtb. 
This may be because there is only a anall area available that is stable , 
that i s  to s ay, not shift ing , inasmuch . as sponges require a relatively fixed 
point of' attachment. Again th1. s state may indi cate that other sessi le or­
ganisms ( such as other sponges ) grew abundantly in the vi c inity , an d  c rowded 
1n upon th e specimen in ques tion . The tac t th at theTe are the s e  two inter­
pretati ons 110uld make it diffi cult to come to conclus ions as to environment , 
and an additional eve11 greater diff iculty is broU(l)lt about by the fac t that 
the re are many s� ec ies of sponges that es sllllle the erect c ylindrical i' onn 
even lihen growing in completely unoro·,1ded quartero . One may s ay just this 
much , that the aw earance ot fossil sponge showing a c ertain a...11ount of point 
ot attacbmen t, proves that at leas t that much . or its Ellvironmen t was fixed 
and s table . 

· The individual sponge is very sens1 ti ve as to tEIIlperature . It h� , 
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OJ;le inay say, no margin to spare in· this regard!! . We f ind i t  capable of sul'­
viving at the maximum and min imum temperatures of the plac e at wh i ch  it is 
f.ound, but perishing at extremes colder or 118:rm&r than this range .  1his 
de li cacy does not e:rtcmd to spec ies as a rule , if ever. A striking case i s  
APlysi lla glaci alis , whi cb oc curs in the Arcti c , .&ntartic , 1n intemediate 
regions on the Pac if ic coast of the United States , and also 1D Panama , near 
the equator . �ere is 11 t tle if any evidenc e of ecologi cal modifications 
evi denced by the specimens for.m these differen t localities . This p artie-

. ular spec ies i s  especially noteworthy in thi s regard as it is a sponge hav­
ing no p roper mineral. skeleton whatever. ·It is frequent.cy- stated in the 
earlier · works on sponges that such spe ci es are characteristic of tne trop­
ics or waDDer waters , and not at all of tne colder portions of the earth. 
Further investigation indi cates that . a more nearly correct s tatement would 
be as follows : in wan:n waters those sponges lackin g  mineral skeletons are 
more numerous in canparison -to the others , Whereas in colder waters the 
latter are more n1.m1erous in c anparison to the fomer. Ei tber sort may o c­
cur in either place and where so occurring shows apparently l ittle if any 
modi fication as a result of its envi ronment . one may conclude that it is 
imposs ibl e  to dec ide from any single fo ss il whather or not the water in 
11hi ch i t  grew was relati vely cold or wann ( regarding equatorial regions as 
wa:rmer and polar regions as colder ) . A fossil re co rd  might have jus t this 
much value in c onne c tion w1 th d educ tions as to t emperature , that i f  very 
nume rou s  sponges be in evidence , and the maj o ri ty  appear to have been kera­
tose ,  there would be sCIIle c ause for swmise 'that the waters in ques ti on 
might have been tropic al or sub-tropic a l. This is of very littl e  help , how­
eve r, in vi ew of the fact that the sponges whi ch lack proper spicules are 
seldom foss ili zed because of their lack of hard parts . 

The question of light as a fac tor affec ting sponges is of soxne sig­
nifi canc e :from the standpoint of pal eontology. We h ave ,  it is true , the 
s i tuati on exanplified by Acarnus erithacus or the C alifornia coast .  I t  o c­
curs nonnally ltlere the illu:ninat ion is very good , that is to say ,  in in­
tertidal waters . one spec :1men , however , has been dredged tram a short 
distance off shore where th e dep th  was so great ( 700 meters ) th at it may be 
as sumed no light was present. The d ifferen c e  between the spec imEns from 
the two locali ties \1ere qui to noti ceable but involved only the matter of 
color at the time of collec t ion ; this would not be evident in foss ilized 
specimens . 

Whereas we may conclude that m igration away from light does no t 
bring about mo rphologic al altero.ti on ,  i t  nevertheles s  rE!Il8i.ns true that 
some s orts of sponge are more likely than others so to migrat e .  Little 

may b e  deduc ed as to light :t'rom the presence or absen ce ot: Porifera ( such 
as the above ment ioned Acarnus ) of the class Demosponciae. The class Cal­
c i spongi ae ( or Calaraea) occurs 1n relatively shallow water, however , that 
is to s ay at depths of les s  "then one hundred meters . , It may be further­

more stat ed w1 th c onfiden c e  that nearly all. of the mEI!lbers of this group 
grow where there is i lluninati on .  The oc currence of a :f"o ss il CQI.cisponge 
may b e  taken as a moderately fPOd indi cation that the irmnediate surroundings 
in which it grew were illuminated . In contrast to this , the en tire c lcss 

Hyalospongiae ( or Hexactinellida) grows exclus ively in the darknes s . Prac­

tically no spec:1mens of this class are on record as ha.ving been collec ted 
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at less than one hundred meters , and in the very few �ases where the depth 
was shallower the conditions were such that one DIUSt ccnclude that little 
or no light reached the sponge where it grew. Even if a few excep tions 
�ould still turn up in regard to this matter one may nevertheless state 
v.l tb consi derable confidenc e that the oc currenc e of foss il hexactinellid. 
sponges indicates that their horizon had been characterized by darkness . 

With regard to osmotic pressure or tonicity the individual sponge is  
somewhat SEns itive. An increase above that which is nonnally true of the 
spqnge ' s  envi rcmment brings about 1Jimediate dsnage .  '!he effeot of a hy­
potonic soluti on i s  not so qui ckly evident , there is a lag , so that re­
duction in osmotic pressure does not immediately begin to show its ill 
effects , but it' it is oarr.t. ed to any cons:i.dorable extent the sponge ie 
certainly damaged. 'Jhe extent in question varies considerably with the 
spec ies studied. The net result of this is that a marine sponge is not ser­
iously . injured ( even though near the surtace)  if a severe spell of ra:ln con­
siderably dilutes the surface of the oo ean With fresh water for a lh ort 
period of t:l.me . 

Fran the · standpoint of geologis ts 1 t is very noteworthy, however, 
that an entirely different fauna of Po rifera occurs in fresh water than in 

the oc eans . The occul'1'9D.ce as fossils of the type of sponge at present 
known to oo our in fresh water constitutes a fairly good proof that the � 
mediate surroundings at the time of fossilization were not marine , and vice 
versa . There is  some warning that needs to b e  given in ,  this connec tion 
however, 1n that marine species have bean foun d in the very large fresh 
water lake Baikal in eastern S iberia. 

In brackish water no sponges sean to thrive and not many speci es of 
any sort oc cur, but. those which aro round in such locali tios are divided a­
mong the· marine and fresh water sponges , the t\10 sorts occurring side by 
s ide . 

The relationship between bathymetric pressure and the oc currence or 
absence of sponge types and 8DY' effect on the morphology of individual sponges 
c annot be considered apart from the probably more important question of light. 
AB already noted th ere are distinct orders or classes of ·spcmges which seem 
to be found only in the light ( Calcispongiae ) , or only 1n the darkness 
(Hyalospongiae ) .  This is correlated w1 th the occurrEnce of the latter class 
in relatively deep water. The class Demospongiae is well represented lhere 
any sponges at all oc cur ,  in shallow or very deep water. 

A second typ� of ecological reaction is to the chemical environment 
instead of to the phys ic al .  Thi s would c mc ern substanc es perhaps to be 
listed as poisons , whi ch by their presence might be inimical to sponge growth , 
and also o ther substances 'lhi ch are necessary as accreti ons or auxiliary sub­
stances if' the sponge is to maintain 1 ts exi stence .  

With respect to the first itEm ; needless to . say there are nunerous 
toxic substances ltli ch atf'ect sponges adversely ,  but there does not sean to 
be good evidence that any of the minerals ccmnonly occurring in the s ea or 
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in fresh water are s eriously in jurious to Poritera . Rare oc currenc�s c an  
scarcely b e  deduced from the evidenc e o t  foss i l  sponge morphology. 

Fran· the s tandpoin t or s ubstanc es required pos i tively by the sponges ,  
oxygen mar . be considered f irst. ibere i s , as might be expected , rather 
good evidence as to the n ee d  fo r free oxygen in s olution on the pert of 
mEI!lbers of this phylum. In o ther 110rds the re is little o r  nothing to in­
di c ate that aDY ot the mEmbers or this group are di rectly anaerob ic . an 
the other hand it should be n oti c ed  that very numerous spe c ies of sponges 
commonly live in sy.mbiosis with plant cells , and the lat ter possess appro­
priate p i�en t tY means or whi ch photosynth esis is carried on , carbon di­
oxide c onsumed , and oxygen released .  It is therefore conceivable that dur­
ing the day such sponges might live in the abs enc e or tree oxygen , were sut­
ficient carbon dioxide present .  This would not carry over into the night , 
and s inc e  there seems to be no me thod of storing up oxygen trom the day ' s  
produc ti on ,  we may take to r granted that the presence o f  sponge lite in­
di c ates that at the t ime the specimens were groWing oxygen 1'I8S available . 

There i s  much work bearing upon the requirement or sponges w1 th re­
spect to hydrogen ion c onc entrati on and the pres enc e of metallic and nan­
me tallic i ons in gene ral .  Aside from calcium carbonate and sil icon diox­
ide , the re is l i ttle or thi s materi al  or interes t for the geologi st . Thos e 
salts mos t important to the exist enc e of sponges are so wi despread 'that one 
can do li ttle reasoning from the occurrence in fos s ils to wnat s alts were 
or were not pre sent in their environment during lite , other than to assume 
that they must have been p resEnt much as in the ocean and lakes and streams 
of today. Even the quest i ons of s ili ca and calc ium · carbonate are of little 
help 1'rom the ecologic al  s t-andpoint in c onne c t ion with p aleontology . Sponges 
can satisfy their needs for either in the pres enc e ot amazingly small quan­
ti ties . Very few plac es in the world lack the minimum neces sary to the 
Porifera that might live there if other fac tors permitted. It i s ,  fo r in­
stanc e , noteworthy that si li ceous sponges thrive in the vi c inity of c oral 
reefs vmere there i s  a C al s iderable lack o f  s iliceous mat erial on the bot­
tom or in the surrounding vicini ty ,  and conversely that calc areous sponges 
thrive espec ially well on granite sh ores vmere there is no limestone very 
ne a.r. S inc e ( for otherr reasons noted alx>ve ) i t  i s  sometimes signif ic an t  
to notic e whether o r  not the tossil sponge considered was in i ts lifetime 
c alcareous o r  s ilic eous , it mus t b e  kept in mind , as is well known , that 
these two substan ces oc cas ionally rep lace each other during 1'ossi lizat iOI1• 
AlSo i t  m� b e  rEIIlarked that e ither of the two may be replaced during fos­
s ili zati cm by pyrite . 

In c onnection with fossi l sp onges and deductions that m� or may 
not be made from thEIIl it should be not ed  that the skeletal material , as we 
f ind it in exi s ting sponges , is usually in units called sp i cules , whi ch 
( as ide from perishable organic stuff' ) are ent irely separate from each other. 

When such sp onges d i e , the skeletal materi al usually soon breaks up com­
pletely. Needl ess to say they are not readi ly sus c eptible to foss ilization. 
On the other hand in each of the three main classes of s ponges we find spe­
c i al instanc es as follows : anong the Calcispongiae we have the so-c alled 
Pharetron es ;  anong the Hyalospongi ae we have the so-called dictionine 
sponges ; and anoog the Demospongiae we h ave those referred to as the 
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Lithistida. :rn each of these three spec 1a1 c ases the spicules during the 
lifetime of the sponge become 1n terlocking or even ac tuall.y c emented to­
gether. These therefore are especially sui tabl.e tor fossi li zatton and l.oom 
up large in th e  paleontologi cal record. This does · not mean that they were 
fomerly much more ccmmon than they are at p re sent , but me rely th at the o th­
er· kinds are less susc eptible to preservation in strata. It has · been very 
generally assumed , part icularly in wo rks on paleonto logy, tha t each of the se 
three c cmstituted a partic ular sub-divi si on w1 thin the c lass in question. 
This is not at all to · b e  taken f or granted ,  and 1n ·fac t the current opinion 
is tend ing  more and more to the belief that the li thtstid modification may 
happED to sponges in almost any family of the DEmospongiae ; the dic tyonine 
modifi cation · to speci es in almo st any of the orders of Hexactinellid sponges , 
and the Pharetrone modification to at least s everal sarts of the Calcarea • . 

One of the most interest ing ch emical· ecologic al si tuations is that 
pertaining to food. The ·  sp onges c an  oc cur only ldlere & itable materi als are 
present end if we knew what sponges eat wa might be able to c arry on very 
interes t ing  deductions fran "the oc curren ce or certain types in the f'o s s il 
record .  There i s  such w:ldespread assunption that much i s  known about the nu­
tri tim of sponges that some remarks an t hi s  question may be in order at 
the present t ime .  

Many, p erhaps th e  most , o t  the experiments bearing on the so-c alled 
nutri tion of sponges have involved introducing camin e  powder , indigo , 
India ink ,  and other such readilT obs erved minute particles . of material i n­
to the organ ism 1n quest ion. As a result of these exp erimmt s  i t  is well 
mown what o c curs  to such parti cles . They are taken in by c ertain cells , 
sanetimes passed on to certaili other cells , and eventually forced an out . · 
It may at fi rst appear to be rank heresy to c ri ti c ize , but ac tually i t  is 
only fair to state that the se expm-iments are nearly valueless and prove 
nothing as to th e nutri ti on of the sponge . One might just as well blow 
bits of charcoal dust into the lungs of a human being and record the captur­
ing of this dust by the mucous in the alveoli of the lungs , i ts passage in 

, the ciliated epithelium upward to the nostrils , and its final di scharge 
fran the nos e . Clearly the sponge could not go em being clogged up indef­
initel.y With carmine part ic les and must push them on ou t  saneway or other , 
and equally c learly it is evident that nei the r c annine , indigo , nor India 
ink consti tutes a natural di et fo r the Porifera . 

· · But do we find sponges ingesting st1ch thin gs as diatoms , or proto­
zo ans ,  11bich might conce ivably · be natural items of food? There are. many ob­
s ervati On s  of the ingestion of flagell.ates , but al.so other observations that 
these may exist as still living symbionts e:rter their en try into the sponge 
c ell. There · are a few authentic records of the ingestion ot' diatoms and bits 
of pl.an t mat eri al in the same way that carmine Iart icles are taken in ,  but 
these instanc es are so rare and involve so few o f  the millions of ce lls in 
an ordinary sponge c olony that they should not be taken very s eriously. 

Anothe r  type of investigation as to possi ble di et of · sponges has been 
to take spec imens of this phyium and analyze the material for the presence 
or absence of certain enzymes 1bi ch are knom to act on certain types of 
food . Sane en eyme s ,  as a matter ar tac t ,  ere thereby dis covered to �e pres­
ent With in  the material. studied , but it is very generally overlooked ( as  
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should not b e  the c as e )  that in the materi als s tudied there are not only 
sponge cells , but also numerous benefic ial ,  neutral or antagoni stic s1Jil­
bionts ( such as bacteria) and that the EmZ1Jiles whi ch  are undoubtedly there 
Dl87 have been provided by the other cells , end not by those or the ·sponge . 

Whereas pho:tosJilthes is c annot possibly play any .part in the nutri­
tion of the Hexactinellida ( or Hyalospongi ae ) which live. at great depths 
in the o c ean , it is very interesting to no te that very many of the shallow 
water sponges , as mentioned above , do have abundant symbionts . Included 
in this c ategory ·are many of the fresh water sponges . One may say that in 
the majority or. cas es where th e diet of any given sponge i s  really known , 
that it is in connec tion Wi ·th , or brought about by sane Thallophyte .  

Passing ment ion should b e  made o f  an hypotliesis much considered but 

not readily su s c ept ible to proof ( or di sproof ) , that sponges live upon ma­
terial already in. solution in .  s ea wate r  about them. To judge from the s ta­
tion records or .some of the extensive oceanographical explorations , sponge 
individuals and spec i es are slightly more common 1n waters opposi te the 
mouths of rivers than elsewhere .  This might i m icate that disso lved sub­
stances were brought tram land to nourish the Porifera 1n quest ion. On the 
othe r hand it must be noti c ed that the anount of data bearing upon this 
matter is ut terly inadequate ; the few i tems fran literature h e re referred to 
are susc eptible to explanation on the grounds of mere coinc idence and no ex­
tansive conclusions from them are warranted . 

In summary of the above p aragraphs it must be said that at th e  pres­
en t  time our s tate of knowledge w11h respect to the food of sponges is so 
utterly inadequate that no sate can elusions With respect to envil'Cill!lent 
may be drawn as to matters of this sort fran any stud ies , morphologic al  or 
dis tribu tional , of fossil sponges . 

The third i tem  in consideration ot the ecology or spcmges , whether 
fossil or rec ent , is the b io logical or living env iromnent , which all may be 
sumned up under the general heading of symbiosis . Sponges come into rela­
ti on ship with an imals tram all the other maj or phyla and th�se relat icnships 
may be considered as follows . 

The chordata have very little to do w1 tb the sponges .  Almost the 
only ones to do so other than � himself are a few fi sh ,  and most fish as 
a rule ignore all sorts of sponges. Sane of the angel fish that browse a­
ro\Dld the t ropical coral re efs are .  frequsntly round to h ave b its of sponge 
in their stanach s ,  but it is a matter of doub t as to llhether they were tak­
en int ent ionally or not ; they may have been ac cid en tly secured along with 
b i ts of other sorts or rood as ( for instanc e ) . � nns o r  shrimps that live in 
th e sponges . 

There are · exceedingly n1.1ne rous i a:J tances of interrelationships be­

tween arthropods sd sponges . Msrl'y kinds o f  insect larvae eat fresh water 
spanges , or live ila thEm, thereby s ecuring shelter . Vary nume rous marine 
arthropods live in the canals or other c avities within sponges . Further­

more there are crabs �i ch del ib erately plac e  b i ts of sponge upon the ir 

shells of 11h1 ch the growth may lend p ro tect ion to the crus tac ean in ques­

ti on .  
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Fair}7 nunerous sponges or ell the classes have s ieves over their ex­
halent openings . �ese in seme c ases are· reticulations ot riber8 . :rn many 
or the deep..sea spe c ies they . are elaborate · screens or

· 
s iliceous strands . It 

is certainl.7 known that the cavities beneath . the s creens in a cons iderable 
n� er of sponges contain symbiCm.ts , princ ipally shrimps . In regei'd to the 
o1;llers , our lack of inf'o Jmation as to condi tiona during the lite of the 
sponge is noteworthy. In than also , shrimps !J18Y have once lived. Do the 
spon ges prat it by the an�s they thus hold prisoner? Does the tmprisoned 
cazmensal proti t more by the protecti·on he rec e ives than he loses by his 
conf inement? These ques ti ons are not easily ms1rered. Nor can one be too 

· sure ot th8 s ignificance ot cloacal or os cular sieves in f'ossil sponges . 
They probably, but by no means c e rtain ly,- kept symbiont antmaJs Within their 
cavi ties 11h1le still alive .  · 

The matter of symbi osis 11'1 th mollusks has been rath er less studied , 
but is probably more important. There · are  fair}7 nl.IIlerous · individuals of' 
the nudi branch gastropods 'ltlicb have as the ir regUlar d i et the 'tissues of 

· sponges . '.fttese often closely resEmble the sponges on: · whi ch  they cus tanarily 
:teed . Furthermore , there are sponges ltlich regularly grow em the sh ells of 
mollusks . In some iustances they employ thes e merely as a basis of support , 
but evan 1n th i s  case they may smother the mollusk . Again we have the bor­
ing sponges for consideration ; by their excavati on  of galleries within the 
calcareous material of the mollusk ' s  shell they may do h im  irreparable dsn­
age . �ei r  work is frequent� evident in fos sil shells . 

Although sponges and ecbinodenns trequently live in very stmilar en­
vironments their relationships with each othe r  appear to b e  in most cases 
of Ule mos t c asual nature .  Ophiuroids very camnonly seok shelter in coars e­
ly cavemous sponges . 

More important mat te rs  concern vari ous of the different phyla at wonns . 
Nematodes are occasionally f'ound in sponge coloni es , and are probably liv-
ing the.m at the expense of the surrounding flesh , but may be merely com­
mensal. That th e  latter is the case 111 th regard to the very nl.IIlerous annelids 
found in the canals of' sponges seems fairly evident. One cannot 1'ind upon 
dis sec ting such sponges that the annelid has been damaging the tender lin-
ing of the canals in 11h1cb it oc curred .  one may even imagine that the s ponge 
derives sane bene1'i t from chEmic als g iven o1'f by the woms in questi cm .  
Sane o f  the Platyhelm.inthes of the class Turbellaria are indirectly or great 
benefi t to the sponges , in that they destroy the above mentioned nudibrencbs 
which feod upon sponge tissues . • 

With the phylum Coelenterata the rel ationship i s  largely one o 1' at­
tachment. There are tai rly numerous onthozoans wh ich grow perched upon 
sponge ti ssues ,  ea tor in stance those on the rooting tufts of th e  hexactinellid 
sponge Hyalonema, and the an emones o f  the genus Parazoanthus whi ch  may grow 
upon shallow water ranose sponges .  Porifera ,  moreover , very frequently grow 
upon dead coral sk ele tons. 

Symbi oses between different species of' s ponge are usually of a nature 
s imilar to th at mentioned above ; one spec ies may grow upon the framewo rk of 
another that bas d ie d ,  or may even perhaps be sti ll living. MUtual crowding 
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is of c cnsiderable importance. One sp ec ies may be so . overgrown by. another 
as to be �moth e red .  Some sponges invade the galleries of Cliona , e i ther 
destroying the flesh o:t the burrowed sponge , or merely inhabiting passages 
from whi ch the defunct C liona had dec ayed .  It must therefore be not ed that 
the occurren ce of' a sponge in such burrows do es not prove that 1 t did the 
excavating . 

Fossil sponges are often found assoc iated with the foss ils of other 
phyla , as for exmrrple , at Solenhof'en ( Jurass i c ) . The nature of these other 

foss i ls af'to rds c lews as to the paleoec ology of s aid sponges. such in­
stanc es are very li ttle di scussed in the treatises an foss il Porifera. All 
too often the an imals of on e  group are discussed by one exp ert ,  thos e of 
another group by a.DO ther expert , and e ach treats of almost nothing s ave hi s 
parti cular sp ec imens . 

What little eVidenc e  i s  available from references to polyphyletic 
fos s il f'aunas bears out the theo ry that the ages have w1 tnessed li ttle 
change in the methods 'ltle reby � on ges reac t  to the ir enviraunents . It ap­
pears that in the p as t  Porifera o c curred in much the sam� environments as 
at pres en t , and lived s imilar lives . 
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Ches ter A. Amo�d 
(Un ivers ity of Michi gan )  

. The fundamen tala o f  the paleoeco logy o f  Paleozoic p lants are essen­
tially the s sne as those or any other era es far as they concern relation 
to environment . The reasons for re cogni zing a s ep arate problem for the 
Pal eo zoic are that sp e c ial c ons i d erati on  should be given to c ertain 11m1 t­
ing factors , snd that some things have to be dealt wi th from a standpoint 
b�ed on an intimate knowl edge o f  Paleozoi c plants . 

A:ny cons iderati on  of e cology o f  past ages mus t d epend upon present 
day eco logy t or guidan ce . Fo r exanple , no thing c an  b e  po stulated about the 
tanperature rela ti ons or extinc t plan ts with out f i rs t  knoWing s anething or 
the thermal re qui rements of liv :fng plants. Dl a l ike manner we dec ide 
Whether a given fos si l  for.m was adapt ed to a terrestrial or aquati c  exist­
ant e  by c anparison wi th f aniliar 11 ving fo :ans shoWing the s a,me  o r  s imilar 
adaptat ions . C ompar ison , .wi th living ro:nns i s ,  therefore , the starting poin t 
for paleoeco logy . 

The p�oblan of environmen tal adaptation� of Paleo zoic plants differs 
materially from that o r  Mesozoi c end Terti ary plan ts 1n that all Paleozo i c  
type s  are extinct and the ir nearest living relatives a re  so remo te that 
ecolog ic al canparison s  are di ffi cult to mek e .  Predomin ant among the Paleo­
zo i c  plan t types were. th e  pteridosper.ms , or Cycadofili c es , Wh ich before the 
di sco Tery of their s eeds , were assumed to l:e ferne . In the liv±ng flora 
ferns are most abun dant 1n the trop i c s , end cons equently a trop i c al  s tefl!ly 
atmosphere was onc e postulated as the type of environment in Whi ch exi s t ed 
the forests of the Carboniferous c oal swamps . But these :pterido sper.ms have 
no c los e modern relat ives and we cannot· as sume that thei r  ecological re­
quiremen ts were stmi �r to those o f  fems . Ferns d i d  exi st in the Paleoz o i c  
in .cons i d erab le d ivers i ty of for.m and hab it but they were not closely re-
lated to the living ones , nor did they exi.st in suffic i ent numbers to e stablish 
the exi stenc e  of trop i c al  surroundin gs . 

The culminati on o f  a p rominent Paleozoic gymnospenn line was re alized 
in the Cordaitales . Whi le the s e  may res'eml:le mode rn  con ife rs to a al. i t#l  t 
extent their relat ionship to them is remote , and the p redominan c e  of cordaitean 
fo:nns in a flora is no t n ecessari ly an indic ati on of upland con di ti an s  wi thout 
the support or evid enc e ·rurn ished by o ther forms . S ane or ·  the cordai tean for.ms 
have e c ologi c �  signifi c � c e  in that they s how: struc tures sugges tive or adap­
tations to c ertain c.ondi t ions . 

The Paleozo ic Lycopodiale s , Wh i ch culminat ed in such genera as Lep ido­
d en dron and S igillaria , have as modern . rep res entatives a few s traggling and 
slow growing renmanta es Lycopodium and S e�aginella .  These lat te r e.re Widely 
dis tributed and exi s t  1n a variety Of habi tats , no t. bein g  cpnfined to si tua­
tion s such as must have prevailed in the coal swamps . The same thing i s  true 
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of the Paleozoic calani tes and their modem remnant , the genus Equisetum. 

This brief resume of the predominating plant forms of the Paleozoic 
is suffi c ient to show conclusively that we c an  tell li ttle or nothing about 
the ecology of that era by mowing what plants existed then . They are too 
remote from modem plants to parmi t ecological canparison . Also , the ex­
tent of relati onship between these early and later plan ts is often poorly 
understood. Furthermore , members of the major groups as the Cycadofilices 
end the Cordaitales were so widely diversifi ed and lived under s uch a va­
ri ety of habitats that gene rali zations concerning their ecology are diffi­
cult to formulate. 

Another 1 ttJil of major s ignificanc e in securing ecologi cal data from 
Paleozo ic plants is that the entire plant c an  seldom be reconstructed. Be­
cause of the s ize and shape of the plan t body , the mode of attachment of 
the organs , end the frequent and periodi cal shedding of l eaves , bark ,  cones , 
seeds , etc . , mos t  paleobo tani cal information is s ecure d fran detached p arts . 
These parts 11hi ch make up 1he great bulk of Paleozo ic plant material fUrnish 
valuable data on phylogeny and classif ication , but usually have l�ted 
ecologic al significance. 

One of the lines of app roach to the sub j ect o'f Paleozoi c plant ecol­
ogy is thrrugh the study of structurally preserved remains which involves 
some knowledge of the relations between structure and enviromnent . In l iv­
ing plan ts there i s  frequently a distinct c orrelation between foliar s truc­
tures , end moisture and light requirements . 'lhe diffi culty, however, in 
applying the same inferenc es to Paleozoic plants is that very pronounced 
structural adaptati ons are not coomon anong plants growing under nonnal sur­
roundings . It i s  only when plants are subj ect  to extrene cCilditions , as 
aridity,  salinity, etc. , that they develop specialized s tructures whi ch are 
conspicuous enough to be recognized in Paleom ic plants and a similar en­
vi ronment postulated for thEm. Moreover , certa in speci alized struc tures 
were developed in sane Paleozoic plants that do not exi st 1n living plants . 
This is shown by the extraordinary developnen t of surface peridenn 1n sane 
species of Lepidodendron or  the intemal pe ridenn in stans of Medullosa.  
In LepidodEndron this external peridem served for support of the trunk 
s ince the vascular cylinder was small ,  but the ecologi cal s ignifi c ance of 
th i s  has not been tully explained. .Another difficulty is the different 
structural adaptations wh ich d ifferent species show. If all s pecies re­
acted the same toward the ir environment it would be much easier to determine 
anatani cal adaptation in plant s ,  extinct and living . 

II . Paleozo ic plants 1n relation to the s ediments 

Fossil plants are usually preserved in water deposited sedtments and 
henc e removed from the environment in whi ch they grew. They might have 
been removed by streams , oc ean currents , wind , or by any number of agenc ies . 
For this reason a fo ssiliferous dep osi t· often contains plant debris from a 
variety or habi tats , c1ry uplands as well as the more moist lowlands , end 
the remains oc cur together in inseparabl e confus ion . It · 1s usually to be ex­
pecte d, however ,  that the lowland species will predominate in depos its fonned 
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under such condi tions as probably existed in the Carboniferous coal swamps ,  
and this fact has doubtless influenced atta:npts to detennine climatic  coo.­
diti o.ns of that period. S ince a depos it  of  fossi l plants is  likely to 
contain a mixture of types the problem of elucidating the environment under 
whi ch the plants grew i s  quite different fran that relating to aquatic  or­
gen i� 1ih 1 ch  were fo ssilized in their natural surro\lldings . Lerid plants 
and land vertebrates present many pal.eo ecologicei problems in coumon . 

When the s ite of deposition is far removed f rom  the locality in 
llhich tpe plants grew, l i ttle can be detemined conceming the natural en­
vironment other than wbat can be gathered from the struc ture and· morphology 
of the plants tha:nselves . In a few important ins tanc es , however , plant 
remains have been folDld in place am s till rooted in the original soil 
where they grew. such fossi l deposits often reveal much conc erning the 
surroundings , not only at the manent or !1eposi ti on or the enclos·ing sed1 ·  
ments but al so  those under 'tb ich the pl'81lts existed as living organisms . 
An example or s uch is the Rhynie chert deposit near Aberdeen , s cotland { 11 )  . *  
Here many stans ere still standing erec t and attached to horizOntal 'tmder­
gro'tmd rhizomes . �e chert has every appe arance of  having been a peat bed 
whi ch was saturated With water h ighly charged w1 th s ilica or volcani c or­
igin.  The mnall plants , some of whic h  were leafless , suggest vegetation 

· growing in the vicinity of volcanic fumaro les and hot springs. ·  Other ex­
amples of plants buried in place are the Lepidodendron trunks in the vol­
canfc ash · beds on the island or Arran (Seward, 15 ,  F ig .  51} and thos e wh i ch 
are so admirably exposed in Vic toria PBl'k in the c i ty  or Glasgo'w. Here are 
sugges ti ons that during Lower Carboniferous times conditi ons p�vailed wh i ch 
were qui t e  similar to thos e in the Great Bas in  and an the Columbia Plateau 
regions during Tertiary time s .  Th e  well known Gilboa trees , of Hamilton 
age , m e astem New York afford an excellent example of a forest submerged 
by an enc.roaching sea.  It i s  probable that here the 'forest covered a swampy 
lowland as is indi cated by the layer of black shale in · m i ch the- upright 
trunks are st ill rooted ( 8 ) . 

Instanc es such as tho se mentioned in whi ch plants are preserved 
more or les s in the ir natural environment are comparatively rare ; usually 
the plan t  fo ss ils are fragmentary re:nains of detached parts whi ch had been 
transported for sane di stan c e . Remains of land plants ma:y oc cur wi th  marine 
ihvertebrates , which means no more than the:t the plant rEIIlains were derived 
from a nearby land s ourc e .  

Th e  difference between two fossil floras m ay  be as much due t o  geo­
graphical , i . e . , enVironmental , factors as to t ime d ifferences . 

During the process or transportation · or plant remains fro.m the plac e 
'ftbere they grew to the place or f in al  depos ition a kind or "sorting out" 
proc ess may oc cur ,  and not all or the components of - the flora· of a given lo­
c al ity Will always remain in recognizable fo nn 1n the ultimate depos it . 
Such factors as distan ce from shore , direction or currents , presenc e or 
petrifying minerals , rate of deposi tion of sedbnents , and a . number of · o ther 
things usually exert a selective influence by s et ting up an environment or 
deposition sui table for the pres ervati on of some plants but not for others 
or the sane plan t associ ation. 
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An exanple of such a sorting out of spe c i e s  is shown by the occUJ:�­
rence of Archaeopteris and Callixylon in the Upp er Devonian beds of New 
York and Pennsylvania. .Archaeopteris is caJIIIOllly c i ted as an index foss il 
of the Upper Devonian ,  and in eas tern North .Ameri ca it is  supposed to 
characterize the uppezmost beds coDI!lonly des ignated as Catski ll and ChEIIlUllg .  
S ince i t  has recently been shown , however, that the so-c alled "Catskill" 
represents an environmen t of cieposi ti on t'lhich extended fran Hamilton to 
the end of Devonian time instead of representing a distinct ttme in terval 
a� the top , it follows that the o c curren ce of Archaeopte�is in these de­
posi ts ,  or any oth er deposits for th at matter, proves very li t tle concern­
ing thei r  exact plac e  in the Upper Devon�an . Archaeop teris oc curs in por­
tion s  of the so-c alled "C atskill" whi ch are nov known. to belong to the 
Hanilton , and it may o c cur at any level above . In the we�tward marinA ex­
tens ions of thes e  beds , l'lh i ch  in the east b ear A.rchaeopteris , calcif ied 

. remains of Callixylon occur { 3 ) . · That these two gEm era were con tEmporan­
eous i s  most c ertain , but in no s ingle instanc e have they been f o1.md to­
gether where the i dent if ication of bo th is beyond question . A.rchaeopteris , 
is lm.own only fran i ts leaves and sporangia,  and such destruc tible materi al 
is seldom preserved . in recognizable fonD at any gre at di stance from its 

s ourc e .  It usually o c curs in sh allow water depos its of mud and fine sand .  
'lh e  trunk;s and 't renches o f  Callixylon were preserved only when they fell 
in Gleeper water which carried them away to places where l imey or si l i c eous 
muds were ac c\IDUlating . In shallow waters f avorable for the p res ervation 
of the delicate impres siOns of the leave� of Arch aeopteris the stranded 
Callixylon trunks mostly d ecayed. Other po ssible instan c es of this s e­
le c t ive t endency are lmo\111 . 

Because of the struc ture ot certain o rgans p artial decanposi t ion 
of the plant may have a marked influen ce an the external app earan c e  of the 
fo s sil . Fai lure ' to  take this . in  to ac count has been respons ible for many 
sup erfluous gen eri c names . The c ases of  Knorria , Aspidaria and Bergeria ,  
being the different stages in decorti cat ion of Lepidoden dron , or the 
Syringodendron condi ti an of S igillaria , are too familiar to require ex­
planat ion . S ewal.'d ( 16 ) , taking this state of a:f'fairs into ac count , re­
c ently described 1.mder a si ngle specific name a considerable assemblage 
of s i gillarian rEIB8.ins from Pers ia. .All the mater i al came fran the same 
hori zon and there was no c onvin c ing evi denc e for the pres ence of o the r 
typ es . In th e  Antrim , New Albany and Ohio sh ales · are sane rather spec­
tacular j o in ted fossils resembl ing slender carbonized stems . Thes e  had 
been variously idan t i fied as Calami te s , Pseudobornia and Callixylon , but 
a c areful exaninatian showed them to b e  in distingui shable from water soaked 

woody plant debris wh i ch had b ecome cross-cl"acked as a result of frequent 
wetting and drying ( 5 ) . Wi thout thi s  s imple and rather obvious int erpre­

tation an indefinite n\.lllber of at tempts might be made to explain these 
curious structures • 

. Th e  exmnples g1 ven in the fo rego ing paragraphs s eem to indicate 
two points : F i rst , that a sc>.-c alled flora may rep resent a s equence of 

similar environmental condi tions rather than a defin itely fi xed time in­
terval ; and s econd, that the environment of depos i ti on may so alter an 
organism that i t  may present a dec ep tive appearan c e .  
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III . i'be pro'tlem of the relat ion at s�rue� responses to environment 

It is impossible to cons ider tbe en tire · realm of paleoecol�gy w1 thout 
delving in to the problem of Pal eozoic climate . A tull di s cuss ion or thi s 
subJect Wi.ll no t be undertaken but certain features haVing a di rect bearing 
on fossi l plan t  struc tures will be treatea bri efly. 

Befo re the study of foss i ls had developed in to a sc ience speculations 
were made concerning the c limates under ltl. i ch the organisms existed , and in 
recent times much has beEn wri tten about Paleo zo i c  climates . In 1882 seward 
( 14 ) wrote a prize-Winning. ess ay entitled : "Foss i l  Plants as Tests ot Cltmate . "  

Even here an enormous amo\Dlt of' data is present ed . OUr lalowledge of' Paleo­
zoic plents has p robably doubled s in c e  S eward wrote his e s s ay ,  but with re­

spect to the cltmates that exi sted during this era most of' the recent con ­
tributi ons have c ent ered about · e.rglinents desi gn ed t o  show the fallacy of' 
previous i nterpretations . The 1l8l1l1 steamy atmosphere highly charged 111 th 
carbon di'oxide · as pos tulated by earlier writers has given way to the con­
ception of' more temperate cond i tiona w1 tb even an o ccas ional glhnpse of' a 
glac ier. Most i nves t igato rs , it seems , have l argely given up the not ion of' 
world wide tropical condi tiona during the Paleozoic ,  but there sti ll  exists 
muoh di s agrea:nent about the degree of s easonal f luc tuations . Cons id e rable 
- s i s tanc e has beEBl derived fran a study ar recent peat bogs which has dis­
pelled .the ideas that any era had but one set of' cltmatic con d1 ti ona through­
out , or that if there V�ere changes it 1188 one \Ulifo:rm and cont inual change 
from the beginning unti l  th e  Ell d• Peat bogs have s hown us that Within the 
brief space or human o c cupation there have t een marked vari at ions in the 
climate of North .Ameri c a .  When we onc e  adopt that point ot view for the 
Paleozoic some progres s  may follow. 

The difficulty attending the probla:n or dec iphering Paleozoic climates 
is that the ob j ects upon whi ch the most profound imprints were made - the . 

plants - are extinct . Many at the earlier assumpti ons that the Paleozoi c 
climate was tropi cal were based upon the s upposed pra:ninence of ferns , but 
the di scovery or the pteridosperms in cilc ed certain authors to stress the fact  
that we know noth ing or th e  temperature requirements of the pranin.ent Paleo­
zo� c genera. It has also been pointed out that luxuriant vegetation is by 
no means p roof' ot trop ic al c ondi tiona . The reduc ed an d  less orn ate foli age 
of' some of' the plant types that survi ved the Pemian glac iat ion has been re­
f'erl'ed to as an exanple of' a response to a cl imatic cbange , but here the eVi­
denc e furni shed by the flora is largely s ubstanti ated by that ot the sediments 
thems elves . 'As Wi th certain living species , or whi ch the bracken tern is a 
s �ck

. 
example , i t  i s  quite po ss ible that certain Paleozo ic species were able 

to tolerate a ccinsiderable range of tempe rature , although specific . examples 
cannot be cited. 

1he presenc e or absenc e of' growth ring& o r  "annual rings '• 1n Paleozo ic · 
stems i s  often employed as evid en c e  concerning climate .  In modern wo ody 
plants or the tEmperate zones the seasonal fluc tuations are often strongly re­
corded by marked ditf'erence in c ell si ze • .  This . reactian is so strang in � ame 
trees , as Pinus ponderosa end . �e9ruoia gigantea, of' the southwestern United 
States , that th ey  reveal c limat�c cycles tor centuri es past ( 2 ;  10 ) . Many 

.. 
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things may influenc e  ring develoiJil&nt ,  of' whi ch tanperature and moisture 
are mos t importan t .  F ires , defoliati on , late or early fros ts , direction 
of wind , shading , p ro duc tion of seed , etc . , are fac tors lmo'tlrl to be influ­

en tiel . �e woody d1 cotyled�s react in the sane way as do conifers in the 
tanpe rate regions but the resultin g rings are often less distinct becaus e  
o f  differences in s truc ture of the wood . These differences are differenc es 
in degree only. 

Mos t north tanperate zone s pe c i es react to seasonal changes in the 
same W&y , but in the trop ic s some are different . The A.raucarian c on ife rs , 

for example , do no t respond as ma:rked.ly to seasonal fluc tuations as do sane 
other speci es in the same habitat. S easonal fluc tuati ons of ei ther mo isture 
or t anperat� have little effec t on th e  developnSJ. t of the rings although 
indis tinct rings seaa to fo r.m in these tre es under most any natural outdoor 
eondi tiona . On the other hand , the comnon p ers illman ,  Diospyros vi rginiana ,  
has been observed t o  develop absolutely uniform wood in an unch anging c li­
mate , �ut When the same spec i es is sub j ected to s easonal fluc tuations well 
marked rings will fozm ( l ) . 

From such observations as these i t  becomes evident th at in judging 

climati c c onditions from gro wth rings i t  is ne ces sary to know how the par­
ti cular speci es in ques tion reacts to season al  changes .  'lh e  S equo iae and 
the pines of th e southwestem s tates reac t to a dec ided degree but i t  i s  
known that o ther spec ies in o ther plac es d o  so to a lesser extent .  It i s  

quite possible that some sp ec ies , when sub jec ted t o  s uch extreme s easonal 

changes of tanp erature as prevai l in Arizona and the High S ierras , gradu­
ally become more · responsive .  But from obs ervat i an s  on some tropic al  spe­

c i es it is apparent that the presen c e  or absence of rings in a tree is not 

governed Wholly by s easonal fluctuati ons . The physio logi c al  s ensi t ivi ty 

of the plan t is as respons ible for the obvious anatomical differenc es as the 

vigo r  of the envi ramnental change . 

Growth rings o c cur in some Paleo zo ic woo ds. They swear frequen tJ.¥ 
in the Pennian · and to a somewhat le sser extent in the Pennsylvanian .  '!hey 

are qui te recogn izable in s everal Devonian fOl!llS • It seans that a greater 

proport ion of Devonian woods show them than do the Pennsylvanian typos . 
Nei ther the Pennsylvanian nor the Devonian rings show the s ame prominence 
of development as do those of our north tanperate zon e ccmiferous spec ies 
but they are more c omparable to thos e of certain tropic al  t rees . The rings 
of the fos si l ll)() ds are usually several millimeters wide and the surmner . 
wood zone seldom exc eeds "three o r  four c ells. In some cases , the rings ex­
tend only part way around the stan. · Without maldDg a c areful examination 
of the fos s il wood i t  is sometimes difficult to dis tingUish a growth ring 
from a zone of crushed c ells , and i t  is qui te probable that .such appearances 
have mi sled some inves t igato rs . 

Probably the b es t  example of a Devonian plant showing growth rings 

is Callixylon . A stem of c .  erianum from the Qen(l�See shale and wh i ch has a 

radius of 23 mn. shows five comple te rings ( 3 ) . S imi lar rings are shown in 
.£• NeWberry! from the New Albany shale . Calamopir.s eupunctata fran the 
Portage of New Yol'k als o  shows d efinite rings (13 • 

Rings have been obs erved in the Lower Carboniferous Pitys antique 
from S cotland ( 9 } . 
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Dl rocks o� Pennsylvanian age Cordaites michiganensis from the S aginaw 
fomati an (Pottsville ) of Mi chigan shows no rtng deve lopmen t in a woo d cylinder 
1 em. thi ck ( 4 ) . Dadoxylon romingerianum , probably of the Conemaugh group , 

frc:m Coshoc ton , Ohio ,  s bo'E absolute unifonni ty of growth in a radial extent 
of · 5 em. ( 4 ) . From Kansas some int eres ting facts are available . A spec imen 
as Co rdaites materiarum ( 17 )  fran the Des Mo ines s·eries shows dis t in c t  le:yers 
Which vary trom 3 . 5 nm. to 6 . 5  mn. in width. From the Vi rgil s eries Dadoxylon 
dougl.asEilse is without gl'Owth rings , a1though to the unaided eye a t ransvers e 
s ecti on o r  the wood shows indefini t e  zone s which might be mistaken fo r such 
(17 ) . At a hi@Jl er level ,  at the base or th e Big Blue s eries , a spe c imen .iden­
tified as Cordai tes rec entium ( 7 )  shows rings varying in Width from 3 to 8 nm. 

In the Permo-Carboniferous growth rings are canmon , as is evident from 
even a casual e%81linat ion or the lit erature . 

'lhe axflllples just noted or growth rings in Paleozoi c 110ods are rela­
t ively recent dis coveri es end are no t ment ioned in the older lit erature fran 
which mos t conc lus ions pertatntng to Paleozoic c limates have been �wn. 

Mos t or the bes t  kilom Coal Measures plan ts as Lepidodendron ,  S igillaria ,  
Mesoxylon , Lyginopteris and Medullosa ar e  typi c ally wi thout any indi c ations 
of growth responses , but other forms such as those just ment ioned , lalich were 
nearly eontEIIlporaneous with them, show rings 1n lDl1Ilistakable fashion . It i s  
s i gnific ant �t the rings usually o c cur in fol'!llS Which are bel ieved to rep re­
sent upland types , or which Callixylon , Pi tys·, and various spec imens assi gned 
to Corda! tea and Dadoxylon are examples . Furthennore , it is be ll eved that . the 

· Cord ai tales were represented during the Carboniferous by both swamp inhabiting 
and upland sp eci es . ' 

The apparent o c currence of growth rings in some Paleozoic woods and 
their a ooence in o thers might aLso h ave some correlati on Wi th  long range c li­
matic fluc tuati ons w1 th in  that era ,  and it is beli eved that many all inclus ive 
statements about Carboniferous c �tes do no t  take into ac count this p robabil­
ity. It i s in conc eivable that a lapse of time as long as the Carbo ni ferous 
sh ould h ave a un iform climat e throughout . or that cond1 tiona during that time 
could have been uniform over the Who le earth . ColEman ( 6 } has warned agal. n s t 
sweep ing Co nclusi ons c onc em in g Paleozoic c l imates fran the limited amount or 
available dat a .  · 

Although growth rings in Paleozo i c  'a) Ods cannot b e  interpreted as con­
s tituting eviden c e  ot merked s easonal fluctuati ons w1 thin that era , 1 t is im­
pos s ible to explain them on other ground� than that they refle c t seasonal 
chang es or some sort. Without seasonal variations or some kind it is impossi­
ble to a c c ount tor the origin of regular growth rings in the fi rst plac e .  It 

is reasonable to assume th�t the mos t primitive plants with se condary growth 

deve loped uniform W> Od and year aft e r year each suc cess ive add i ti on  Of c ells 
was indistinguishable from the previous one .  Only nhen vas cular plants had 
become more speciali zed bo th  in struc ture and 1n the ir abili ty to respond to 
the environment did growth rings appe ar. 

Considering all the infozmat i on  available it is beli eved that the follow­
ing con clusi ons are j us t i f ie d : ( 1 )  that the oc currence or grovth rings in sane 
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of the Paleozoi c  woods is not a strong argument i n  favor of marked s eason­
al f luc tuati ons during th at e ra ,  nor do their abs en c e  in o thers prove uni­
fo nn1ty of climat e ;  and ( 2 }  that growth rin gs such as do o c cur are in all 
l ikelihood responses to s eas cnat' t lllc tuations or some so rt , to whi ch cer-
tatn Paleozoic spec ie s were not s ens i ti ve .  

Vari ous at tempts have been made t o  correlate · other· structures shown 
by Paleo zo ic p lants wi th th e envi ronmen t � Bilignea solida , from the cal­
c if erous s ands tone ( Lower Carboniferous ) and Megalo:xylon s co t t i i  from the 
Lower C oal Measures show large cavi ties in th e pith which have 'been in t er­
p ret ed as �ater s torage struc tures . Whe ther they s erved this purpos e  or . 
no t i s  ent irely a mat ter of ' con je c ture . Unless ·  there 1188 ail inadequately 
deve loped root s yst em  i t  is dift icul t t o understand the uti lity value of 
such struc tures exc ep t  tor plan ts s Ubj ec t to extreme aridi ty . However ,  if 
the plants grev 1n si tuations nhe re th ere was a marked s easonal lovering 
of th e  water level th e accompanying dryness might ac coun t tor the presence 
ot such cavi ties . 

Investigators have lang hoped that an examinat i on of struc turally 
preserved le aves i10Uld ultimately thrP� mor� l ight on the ques tion ·sur­

rounding Paleo zoi c ecology , but the results obtaine d have not come up to 
exp ec tations . s uch features as P.p idermal outgrovths , s i ze aDd numb e r  or 

intercellular sp ac es , arrangement and p os it ion of the stomata , cut iculari­
s at iori and enrolling of th e margin are known definitely to have some corre­
lation uith environment , but the degree of c orrelat ion i s  usually pe culiar 
to the sp eci es . Only under extrem� ari di ty , s al ini ty ,  exp osu re to high 
Winds o r  other s trenuous conditions do any of the s e f eatures shou spe c i ali za­
t ion to the extent of b e ing  c onspicuous . �e tole rance .ot struc tural var­
i at ions under nomal conditions of t emp erature en d  moisture is large , and 
different s peci es in a s imilar habi tat may s how cons iderab le variety of 
s truc ture Wi th re sp ec t to the features ment ioned . M�st Paleo z oi c  leaves 
of wh i ch the s truc ture is known could app arently survive ve ry well under 
north temp erate zone c cndi t icm s  su ch as prevail in the eas tern or southern 
porti ons of the United S tates or along the Pac ifi c c o ast as far north as 
Alaska .  They show no spec i a1  a dap tat ion t6 subdued l i gh t , high temperature , 
o r  to exc es s ive humidi ty. S eward ' s  s tata:nent is appropriate : "Broadly 
sp e aking we s e e  no indi c ati on that these leaves were exp o sed to any condi­
t ion of cl imate o th e r  than such as now obtain . " ( 14 ,  P •  72 ) 

IV .  Environment and the origin of fl oras characteri stic o f  c ertain periods 

The as sumption that an ass emblage ot sp e c i e s , or a c ertain spe c i es 

regarded as an "index spe ci es , "  furni sh es definit e  proof of the age. o f  a 

depos i t somet �es leads to erron eous conc lus ions . To acc ep t a given spe c ie s  
or type a s  an absolute an d  undi sputable time marker i s  frequently a con ­
fe s s i on of i gnorance c onc ern ing . it s e colo gi c al  re lat i ons . A gi ven s pe c ies 
ex ists i n  a given depos it largely because the envi ronment was sui table for 
its exi st enc e up t o  the t tne of deposi ti on , and with the appro ach of less 
favo rable condi ti ons it b e c ame le ss abundant or extinc t .  In thi s  way foss ils 
may bes t be regarded as "environment markers " rather than s tri c t  time mark­
ers . The o c curren c e of Archaeopt eris throughout the landward phas e of the 
UJ>per Devonian delta on the no rthern Appalach i am  region is a spe c ific example . 
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.Ano ther instan c e  b earing out the same idea is the recen t  dis covery in 
eas tern Kansas ( 12) of an as semblage of plants consi sting of Walchia , 
Taeniopteris an d  other typi cal "Per.mian " f�r.ms in a deposi � of un�isputed 
upper middle Pennsylvani� age • .  A coJJ!,p etent paleontologi s t , basing his as ­
sumption upon the floral assemblage alone , maintained that the depos i t  is 
unquesti onably of Petmial). age . A study of i ts stratigraphic position , how­
ever , c ompletely inval idates thi s vi ew. The flora represented here is re­
garded as an upland on e , and a1thaugh contemporaneous or nearly so with the 

· swsnp floras of other parts of North .Ameri ca, developed along di fferent lines . 
Then , W1 th -the Qp roach of more favorable Pemian condition's thi s upland flora 
survived and spread ,  an d  the desc endants becane the typic al Per.mian types as 
they are now known. Here ,  as wi th Archaeopteris , Wh at would oth ertri s e  b e  a 
stratigraphi c anomaly can b e  s at isfactorily explained when the environment 
and the adaptat ions to i t  are taken into cons ideration . · .  

V. Slm!!a17 and conclus ions 

Any treatment of the paleo e cology of Paleozoic plants is largely a 
oans iderati on of p roblEmS and appraisals of previously off ered theories . 
While the fundamental princ iples are probably the s ame as tho s e applying to 
rec ent plan ts th ey are diffi cult to apply because the environmental relat i on s  
o f  most Paleozoi c plants are unknown. Th e  sane adap tatio�s shown by rec an t  
plants cannot al ways  be appli ed  t o  Paleozoic plants because o f  the remoteness 
or the relati on t etween them, and also by the fact that there i s  a great dif ­
ference in s ens i t ivi ty to ad justment anong different spe c ies .  Sutfi ci �tly 
pronounced st�otural features in Paleozo ic pl�ts � ind ic ate adaptat ions 
or a c ertain kind if oanparable adaptations c an  be recogniz ed in l iving roms . 

Environmental condi ti ona . varied :In ,time and plac e during the Paleozoi c , 
an d  sweeping conclus ions regarding temperature , s easonal fluc tuat ian s and humid­
i ty should not be drawn tram plants wi thin a l tmited area or restric ted horizon . 
The old i dea of a graduated cltmate from ho t  to cool within th e  Paleozo ic has 
been gradually abandoned , but there still exi s t s  too great a t enden cy to re­

gard the eras or p eriods as climati c \Dli ts . 

The visible d ifferen ces between fossi l . floras may be due as much to 
the various agenc i es in operation at the time of d ep osi tion , or to geograph­
ical· location , as to differenc es in t ime .  Also , b ecaus e  of the canplicat ed 
s tructure . of the plant body ,  the app earance of the res ulting fo s s il may pre­
sent a dec epti ve appe aran c e .  

Lastly ,  fos sils may b e  regarded as markers of envir aunental uni ts a s  
well as time units , and plent assoc iati ons wh i ch developed w:l thin on e  per­

iod cut within a res tri cted range may have survived to a later time 1n Wh i ch 
they s pread wh en favorable con ditions developed . 
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